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EFFICIENCY OF THE BUILT ENVIRONMENT: 
INTERDEPENDENCIES IN TRANSPORTATION, DEVELOPMENT FORM 
AND PUBLIC HEALTH 
By 
Cynthia H. Carlson, PE 
University of New Hampshire, May, 2011 
Retrofitting existing neighborhoods and communities to remove barriers to 
walking and allow residents to choose walking as a mode of transportation has the 
potential to both stabilize energy used for transportation and transportation infrastructure 
and provide physical activity for improved health, shifting the energy used for 
transportation from cars to people. This study brings together community-based 
research, an interdisciplinary team approach, and multi-level modeling to investigate 
how community design impacts transportation behavior in the context of smaller, 
northeastern cities. 
Ten neighborhoods of varying design, connectivity, proximity to services, and 
average income were selected in each of the cities for a total of twenty neighborhoods 
studied. A survey of neighborhood residents provided demographic, health, and 
transportation behavior information. The built environment within the neighborhoods 
was analyzed using field visits and published GIS data. Data analysis included multi-
viii 
level modeling to account for the within-neighborhood clustered design of data 
collection. 
Working together with the people for whom the results were intended allowed for 
use of a greater network of contacts for project development and implementation, which 
helped greatly. Involving municipal and regional authorities throughout the project 
increased the chances that results will be useful and will reach residents, and resulted in 
increased communication between the authorities themselves. 
Presence of sidewalks and intersections were found to be associated with the 
number of destinations respondents reported walking. Municipalities that would like to 
increase walking for public health or energy use reduction should investigate improving 
the condition and availability of sidewalks in neighborhoods, increasing connectivity of 
pedestrian ways, and improving safety and perceived security at intersections. 
Age appeared to be the most important demographic factor in decisions to walk, 
more important than self-reported health or income. Helping the elderly, as they age in 
place, to continue to feel secure through improved walking surfaces and walking 




In 1987, the Brundtland Report defined 'sustainable development' to be 
development which "meets the needs of the present without compromising the ability of 
future generations to meet their own needs" (UNWCED, 1987). Concerns about the 
sustainability of human development and consumption patterns, and about the impacts on 
the quality of life of future generations, have driven increased research in sustainability in 
recent years (Clark and Dickson, 2003). 
Sustainability can be viewed from a variety of dimensions, including ecological, 
social, and economic, but also technical, legal, and political (Pawlowski, 2007). In 
general, sustainability is an inherently interdisciplinary and transdisciplinary field, 
linking important disparate physical and social constructs (Reid et al, 2010; Hadorn et al, 
2006), such that an integrated and integrating research approach is therefore necessary 
(Kates, 2000). It is an overarching, unifying theme that brings to together much of the 
broader ideas of how humans might successfully live in concert with their environment, 
while maintaining a high standard of living, and staying within a budget. Balancing all of 
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these goals will not be trivial, but will require visioning, working across boundaries, and 
developing broader goals (Meadows et al, 1992). 
"Measure what you value," is a common adage. To make progress towards 
sustainability, it will be important to be able to quantify in some way what we mean by 
sustainability, where we currently are, and where we are hoping to go. Many researchers 
and others have investigated how sustainability might best be measured (Hilden and 
Rosenstrom, 2008; ICLEI, 2010), while others have argued that sustainability can only be 
assessed retroactively (Costanza and Patten, 1995). In any case, understanding more 
about the interactions and relationships within and between aspects of sustainability is an 
important first step towards broader understanding of how sustainability might be 
achieved, or at least approached. 
The present project looks at the interactions between the built environment, local 
transportation decisions (i.e. walking vs. driving), and public health at the neighborhood 
scale. This subset of the broader field of sustainability is an emerging field of high 
interest in a variety of research communities (Jackson, 2003). The impact of the built 
environment on a neighborhood scale has the benefit of being something that has major 
implications for sustainability (Srinivasan, 2003), while still being something that local 
groups and local governments could influence and in which they could make a real 
difference (Burden, 1999). These interactions, therefore, are at the intersection of 
'important decisions need to be made' and 'important changes can be made' at the local 
level. 
Efficiency and sustainability are linked, both considering intelligent use of 
energy and resources. While achieving efficiency will not ensure sustainability (Bishop, 
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1993), considering the efficiency of the built environment may allow us to step towards 
the more nebulous concept of sustainability. Understanding how the built environment 
might be presently correlated with health and with transportation decisions may help 
municipalities to design new, more efficient infrastructure and support present 
infrastructure in new ways - potentially leading to reduced energy usage and healthier 
communities (Wilkinson et al, 2007). This dissertation therefore explores "efficiency of 
the built environment: interdependencies in transportation, development form, and public 
health." 
This document is submitted to the University of New Hampshire in partial 
fulfillment of the requirements for the Degree of Doctor of Philosophy in Earth and 
Environmental Sciences in the Natural Resources and Earth System Sciences (NRESS) 
program and the Civil Engineering Department (CiE). 
A, Background - Transportation and the Built Environment 
The 'built environment' includes the pattern of development (connectivity of 
roads, distance from residences to commercial development, zoning, setbacks), the 
amenities found in the area (sidewalks, parks, crosswalks, lighting), and the other features 
that give a neighborhood its character (speed limit, width of road, plantings, building 
height and style). Together many of these factors are believed to influence residents' 
transportation decisions (Ewing and Cervero, 2001; Handy et al, 2002) - whether to walk 
or to drive to the corner store. 
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Increase in vehicle miles traveled (VMT) has outpaced increase in population 
(FHA, 2010a; FHA 2010b; US 
Driving vs Population Growth 
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Figure 1-1: Increase in vehicle miles traveled (VMT) 
has outpaced both population growth and vehicle 
registrations since 1960. 
Census Bureau Data, 2010) 
indicating that individuals are 
apparently driving more. 
Figure 1-1 shows this trend, 
with VMT increasing at a 
higher rate than population. 
Ewing and Cervero 
(2001) compiled much of the 
research that had been done to 
date linking travel behavior to the built environment, and found that trip length, 
frequency, and mode choice all are influenced both by socio-economic status and the 
built environment. For instance, the development style loosely described as "sprawl" 
tends to lower the rate of walking and the reduce the viability of alternative 
transportation, while increasing the time spent driving and taking time away from more 
desirable activities such as time with family and community (Putnum, 2000). Although 
there is no universally agreed upon definition of sprawl, it can be defined as "dispersed 
development outside of compact urban and village centers along highways and in rural 
countryside" (Smart Growth Vermont, 2007). Living in an area characterized by sprawl 
virtually requires a personal vehicle to get to work and to run errands (Ewing, 2007). 
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It is unlikely that sprawl alone is the only reason driving is increasing (Ewing et 
al, 2003). Other local contextual factors, including the built environment, likely have an 
influence on residents' decisions to drive (Cao et al,2006). 
B. Background - Health 
Globally, obesity rates are rapidly increasing (WHO, 2000), doubling since 
1980, so that in 2008 approximately 1.5 billion adults were overweight and nearly 500 
million of these were obese (WHO, 2011). As of the year 2000, for the first time in 
history, more adults were overweight than underweight globally (Gardner and Halweil, 
2000). 
In the United States, obesity rates have risen dramatically in the past thirty 
years. The US Centers for Disease Control and Prevention reportedthe state-specific 
obesity rate for adults in 1989, and although there were seven states that did not report 
data, there were no states reporting obesity rates of higher than 14%. In 1999, only three 
states had obesity rates below 14%), and seventeen states were above 20%. The most 
recent data available, 2009, finds that only Colorado remains below 19%. The majority 
of states reported adult obesity rates of greater than 25%), with nine states reporting rates 
of higher than 30%o for 2009 (CDC, 2011)1. 
Obesity increases the risk of a wide range of deleterious health effects, including 
hypertension, gallbladder disease, psychosocial problems and some cancers (WHO, 
2000). The worldwide increase in obesity is an alarming trend. 
1A slide show of the state-averaged obesity rate trend is available from the CDC's website at: 
http://www.cdc.gov/obesity/data/trends.html 
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In general, weight increase is caused by ingesting more energy than is expended 
(Hill, 2006). Increasing physical activity, therefore, is one potential pathway towards 
reversing the obesity trend. Regular physical activity also reduces the risk factors for 
coronary heart disease, hypertension, diabetes, anxiety, depression, and some cancers 
(Paffenbarger et al, 1986; Pate et al, 1995). It has been observed that individuals with 
higher activity levels live longer (Paffenbarger and Lee, 1996). 
Walking is a particularly easy form of physical activity for many to add to a 
daily regimen. Over half of Americans would like to walk more (Belden, Russonello, 
and Stewart, 2002). The Mayo Clinic observes that walking is gentle, low-impact, safe, 
simple, doesn't require practice, improves mood, manages weight, lowers blood pressure, 
reduces risk for type 2 diabetes, lowers bad cholesterol, and raises good cholesterol 
(Mayo Clinic, 2011). 
Increasing the amount of walkable areas available to the public may be one way 
to encourage physical activity and reverse the trend of increasing obesity (TRB,2005). 
C. Built Environment, Transportation Behavior, and Health 
Bassett et al reported that in countries with a larger percentage of trips taken by 
walking, biking or public transit, the rate of obesity prevalence in the country decreased, 
as measured by the percent of the population with a Body Mass Index over 30kg/m 
(Bassett et al, 2008) (Figure 1-2). These findings suggest a potential association between 
physically active transportation behavior and reduced obesity prevalence. 
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Increasing both the objective and perceived "walkability" of neighborhoods and 
other local districts may have 
the result of increasing the 
ability for those residents 
with interest and inclination 
to walk (McGinn et al, 2007). 
Certainly there will always be 
residents with no desire, or 
ability, to walk. However, 
allowing the percentage of 




Figure 1 -2 - Obesity Rates and Transit Mode by Country 
the population with the proclivity to walk to do so more frequently, may have the 
desirable effect of reducing the rate of obesity at least in that population. Consequently, 
perhaps even those with no interest or ability to walk may see the benefits in increased 
physical activity and be inspired. 
D. Dissertation Overview 
This dissertation will investigate the potential relationships between and among 
the built environment, public health and transportation behaviors, focusing on two small 
cities in southern New Hampshire. Portions of chapters, two, three, and four, have been 
submitted for publication in technical journals. 
Chapter two presents a detailed discussion of methods, with particular focus on 
survey methods. This chapter also includes a discussion of the locations studied, and the 
survey tool used. 
The next three chapters present results of analyses. These chapters were written 
as stand-alone units, submitted for publication in technical journals. 
Chapter three discusses the associations between walkability and the built 
environment. The results showed significant relationships between self-reported 
destination walking and built environment characteristics, in particular presence and 
condition of sidewalks, in the neighborhoods studied. The results suggested changes that 
local municipalities or planning organizations could make to existing neighborhoods to 
remove barriers to walking and allow more residents to choose walking as a 
transportation mode. The method suggested a format that groups might consider when 
making assessments and decisions in their own localities. 
Chapter four discusses a conceptual model describing complex feedback 
relationships between destination walking and public health, with the built environment 
expected to increase or decrease the strength of the feedback loop. Evidence supporting 
these feedback relationships is presented, and methods for extending current models (e.g. 
using systems science models) to understand the complexities within these relationships 
are discussed. 
Chapter five investigates how the localized form of the built environment is 
differentially associated with destination walking in different settings. The results show 
that neighborhoods of differing socio-economic statuses in different city contexts have 
physical environment characteristics that are differentially associated with walking. For 
instance, although sidewalks and road connectivity were strongly associated with walking 
in some neighborhood contexts, in others they are not significant. Each neighborhood 
has a distinct relationship with its own built environment. 
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Finally, chapter six presents some potential additional projects and analyses that 
could be completed either with the existing data set or with additional data collection. 
This work may be completed by the author after completion of this dissertation and/or by 





Detailed methods used in data collection are described in this section. Statistical 
methods and results are presented in the following sections. 
To test the methods and the survey instrument before undertaking the here 
described surveying effort, a pilot study was completed in two neighborhoods in Durham, 
New Hampshire. The pilot study included testing methods and surveying for two 
students' doctoral projects. The "white paper," describing the pilot study and its results, 
is included as Appendix A. 
A. Neighborhood Selection 
Ten neighborhoods were selected in Manchester, and ten in Portsmouth. The 
homes included in the neighborhood were delineated, if borders were unclear. Where 
neighborhoods were very large (for example, some of the Manchester neighborhoods 
such as "Straw/Smyth" and "North End") we defined new boundaries, focusing on a 
particular development style, distance to services, and reasonable walking distance for 
surveyors. Figures 2-1 and 2-2 show the locations of the selected neighborhoods in 
Manchester and Portsmouth, New Hampshire. 
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B. Surveying 
For safety, surveyors always distributed surveys with a partner. Surveyors 
included graduate students and undergraduate research assistants. 
Two distinct methods were used for survey distribution. We will call these the 
"knock" method, in which an attempt to contact the resident was made before leaving the 
survey at a home, and the "lobby" method, in which surveys were left in the building 
lobby and no attempt to contact the residents was made. The "knock" method was used 
in neighborhoods with a majority of single family homes, duplexes and small apartment 
buildings. The "lobby" method was used in neighborhoods with a majority of larger 
apartment buildings (i.e. over 20 units) and neighborhoods with mixed use buildings in 
which the residences were difficult to access. Surveyors used the "knock" method in the 
majority of the neighborhoods. 
B.l Knock Method 
Before traveling to the neighborhood, researchers exported each of the land 
parcels included within the neighborhood boundaries from ArcView into Excel, one 
Excel spreadsheet line per parcel. Each parcel within a neighborhood was assigned a 
random number between 0 and 1. The lowest 120 numbers were selected for survey. 
Hard copy maps were then created of each neighborhood showing which of the homes 
had been selected. Survey personnel could refer to these maps in the field, and could 
make notes on the maps. Although a maximum of 100 surveys were distributed to each 
neighborhood, the additional 20 selected homes allowed for vacant homes, refusals, and 
the like. 
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Using the field maps, the surveyors located each randomly selected home. If the 
home displayed signage reading "No Soliciting" or similar, the home was not 
approached. If the parcel was a business with no resident property available, or was a 
vacant structure or vacant lot, no survey was attempted. If none of those conditions were 
met, one surveyor knocked on the door. 
If the door was answered, the resident was asked to take the survey whenever it is 
convenient, either on paper or by internet. If paper was selected, an envelope 
addressed to the research team was left with the resident along with the paper 
survey. The resident was asked to complete the survey at a later date and return it 
by mail. If internet was selected, the paper survey and envelope were not given 
and only a card with the internet address and brief explanation was left. If the 
resident refused the survey, the surveyor politely thanked the resident, and 
departed. Each survey respondent, as long as they did not refuse the survey in 
person, was also given a tan tote bag with the UNH logo as a thank you. 
If the door was not answered, a tan tote bag with the UNH logo was left on the 
door handle or other secure, dry location. Inside the tote bag was the paper 
survey, a stamped envelope addressed to the research team, a brightly colored 
"friendly" note describing the research, and a card with the internet address and 
brief explanation. 
The surveyors noted the code (i.e. "A99") of the survey left at each home. They also 
noted if they could not leave a survey because the home was: 
• "Vacant" - either a home that stands empty, or a parcel with no structure; 
• "Business" - not a residential property; 
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• "Refused" - the resident, after speaking with the researcher, declined to take the 
survey; 
• "No Soliciting" - the home had a sign indicating that surveying was not welcome; 
or 
• "Skipped" - the researchers did not survey the home, because 100 surveys had 
been delivered before this home was attempted, there was an error reading the 
map in the field, or the researchers did not feel safe approaching the home (only 
one home fit this description). 
B.2 Lobby Method 
Before traveling to the neighborhood, researchers created general maps showing 
the parcels within the boundaries of the neighborhood. These maps were used in the field 
for surveyors to note, where possible, the code (i.e. "A99") of the survey or surveys left 
at each property. The maps were also helpful for surveyors to understand the boundaries 
of the neighborhood, and to make other notes, such as location of parks, landmarks, etc. 
Surveyors delivered tote bags containing the paper survey, a stamped envelope 
addressed to the research team, a brightly colored "friendly" note describing the research, 
and a card with the internet address and brief explanation. Tote bags were left in the mail 
rooms of larger apartment buildings, and on the front door of smaller apartment buildings 
and townhouse-style dwellings. 
B.3 Neighborhood Assessment 
The surveyors collected some physical data about the neighborhood during the 
survey distribution. This included the approximate width of street, the condition and 
existence of the sidewalk, the availability of public open space for children, the apparent 
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frequency of use of that space, the availability of public open space for adults, the 
apparent frequency of use of that space, the presence of dogs in the neighborhood, and a 
general description of the neighborhood as a whole. Reference photos were also taken in 
all neighborhoods. The neighborhood assessment sheet is included as Figure 2.3. 
C. Data Input 
Recording Field Data - The survey numbers were entered from the field maps, as 
recorded by the surveyors, into the Excel spreadsheet. This spreadsheet also noted if the 
surveyor recorded the surveyors' notes that the home was vacant, a business, marked "No 
Soliciting," skipped or refused, as described above. 
Internet Surveys - The resident could choose to enter the survey on-line. This was 
in some ways preferable, saving researchers the time required for data entry. However, 
residents who filled out the internet survey often entered text instead of numbers (i.e. 
"two" instead of "2") or made other inconsistencies leading to a need for some data 
smoothing and checking, as described below. Also, there was less opportunity for 
internet responders to comment in the margins of the survey, as paper version 
respondents did. 
Paper Surveys Returned - The surveys that were completed in hardcopy and 
returned by mail were entered by the research team. The research team entering this data 
used the same on-line format ('Survey Monkey') that residents selecting the on-line 
survey would use. However, the residents using the paper survey had the opportunity to 
enter many more comments, for instance, writing in the margins next to questions. 
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Researchers tried to capture these additional comments while keeping them separate from 
the "official" open-ended questions. 
D. Increasing Response Rate to Survey 
Simply distributing the survey as described above resulted in approximately 30% 
response rate. We conducted several additional efforts to increase this rate. 
Reminder Postcards - For the neighborhoods where survey number could be 
exactly matched to home address, usually the "knock" method neighborhoods, reminder 
postcards were sent to the homes which did not return their survey. In the neighborhoods 
where survey number could not be exactly matched to home address, usually the "lobby" 
method neighborhoods, reminder postcards were mailed where the mailing address was 
determinable, such as to town homes. In places where the no mailing address was 
determinable, the reminder postcards were delivered by hand to building lobbies. 
Mailing Paper Survey - For the final attempt at increasing the response rate in 
neighborhoods that had a particularly low response rate, households that had previously 
received the survey, in either paper or internet form, were again sent both the paper 
version and internet address by mail. As this was the only contact by mail we attempted 
with survey recipients, addresses were checked with on-line services such as Google 
Maps to increase the chances of mailing to a valid address. 
E. Data Quality Control and Smoothing 
Combining - The initial survey was revised twice at the very beginning of the 
distribution phase to correct minor omissions, for example adding "grocery store" to the 
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list of places the respondents can say they "can" and "do" walk. As a result, several 
distinct databases (i.e. Versions 1, 2 and Final) persisted from the startup of the project. 
These databases were combined into one main database, with "N/A" as the response in 
any questions that did not appear in the earlier versions. To combine these databases into 
one, 0.5 replaced any "N/A" values - so that counts of the number of places residents 
reported being able to walk could be made. 
Key Code - Although the surveys each had a unique code (i.e. a letter representing 
the neighborhood, and number from 1 to 100), some respondents had difficulty entering 
the code properly, and some, perhaps out of concern for anonymity, did not enter any 
code at all. However, Survey Monkey assigned each respondent, or each line of the 
database, a unique key code identifier ("RespondentID"). This key code will stay with 
the data and subsets of the data to ensure that researchers can always refer back to the 
original data. 
Next, obvious errors and inconsistencies in the data were corrected. 
Survey Number - Respondents occasionally put a space between the letter and 
number in their survey code, or used a lower case letter rather than uppercase. These 
discrepancies may have hindered our ability to link the survey data to the address list and 
from there onto the geographic locations, such as neighborhood or location within the 
neighborhood. Where possible, these errors were repaired. In some cases although the 
resident did not enter the proper survey number, researchers were able to discover which 
survey number should have been entered by examining the survey information (i.e. street 
name) and other surveys that had been returned. For instance, if only two surveys were 
distributed on Clarke Street and two surveys from Clarke Street were returned, 
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researchers may have found that one survey entered the complete code, so that the second 
survey with only partial code provided can be deduced to have been the remaining Clarke 
Street survey. 
Numbers and Text - Respondents may have entered "two" or "2 to 3." These 
entries are much more manageable in a data base if they are translated into "2" and "2.5." 
Although in the later case, some information is lost in the translation, the benefit of being 
able to quickly compare responses from a large number of survey respondents outweighs 
any loss. 
Culling of Data - Although the survey's sample size was not large, there still 
were some responses that had to be removed from the sample. These included 
respondents that did not indicate enough information to determine their neighborhood, 
and respondents that did not answer more than two questions in the survey. Ultimately, 
the net response rate indicates the number of "usable" responses, disregarding both 
refusals and insufficient responses, as discussed in the Results section. 
F. Data Analysis 
F.l Questions of Highest Priority 
The complete survey is included as Appendix A. The survey questions that are of highest 
priority for the proposed research include: 
Transportation Behavior: 
o Walkability of neighborhood 
• On a scale from 1 to 5 how convenient is it, in your neighborhood, 
for you to 
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• Walk, 
• Cycle, or 
• Use public transit. 
• Check all of the locations you CAN walk to in the community in 
which you live.1 
• Check all of the locations you DO walk to in the community in 
which you live. 
• Assume you were going to walk to one of the locations listed 
above. What would you consider a maximum acceptable distance 
in minutes? 
• What affects your decision to walk to different locations within 
your community? Check all that apply. [Weather, Safety 
Concerns, Gas Prices, Health Issues, Presence of Sidewalk, 
Distance to Destination, Convenience of Driving, Inconvenience of 
Walking, Other (Please Specify)] 
• Are there things that could be done to make you more likely to 
walk in your neighborhood? 
o Vehicle ownership and use 
• How many total vehicles are owned and used by members of your 
household? 
• How many total bicycles are owned and used by members of your 
household? 
This question was based on Leyden, K. (2003). 
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• How often do you ride a bike to get places in your community? 
• Every day, several times per week, once a week, once a 
month, every couple of months, once a year, never, don't 
know. 
• How often do you walk to get places in your community? 
• Every day, several times per week, once a week, once a 
month, every couple of months, once a year, never, don't 
know. 
• Commute distance and commute mode of transportation 
- Health: 
o Physical health metrics 
• How would you describe your overall state of health these days? 
• Body Mass Index (BMI), ratio of height and weight 
• About how much do you weigh without shoes? 
• About how tall are you without shoes? 
• Have you ever been told by a doctor, nurse or other health 
professional that your blood cholesterol is high? [yes, no, don't 
know/not sure] 
• Have you ever been told by a doctor, nurse or other health 
professional that you have high blood pressure? [yes, yes but 
female told only during pregnancy, no, told borderline high or pre-
hypertensive, don't know/not sure] 
o Physical health confounders 
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• What is your race? 
• What is your gender? 
• What year were you born? 
o Physical exercise 
• During the past month, other than your regular job, did you 
participate in any physical activities or exercises such as running, 
calisthenics, golf, gardening, or walking for exercise? [yes, no, 
don't know] 
• About how many times per week do you engage in physical 
activities or exercises for more than 15 consecutive minutes? 
Self-selection for neighborhood type 
• Assume you were able to live in any type of neighborhood you 
would like to. Please describe what that would be in general. 
• Approximately how many years have you lived in your current 
location? 
Socio-Economic and Social metrics 
o What is your employment status? 
o What is the highest grade of school or year of college you have 
completed? 
o If added together, the yearly incomes, before taxes, of all members of your 
household for the last year, what would the total be? 
o Do you or your family own the place where you are living now or do you 
rent? 
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The responses to these questions will be combined with information from sources other 
than the survey to determine the impact that the built environment has on transportation 
behavior and public health. 
F.2 Other Sources of Data 
Geographic Information Systems (GIS) is another important source of data. From 
GIS data on the communities, we will be able to measure and/or calculate the following 
variables for analysis. 
1. Services within a 0.25 mile buffer 
a. Distance from home to specific services listed in the CAN and DO walk 
question. Services mentioned in the survey (restaurants, bars, churches, 
etc.) that are within the boundaries of the neighborhoods and within half a 
mile of the neighborhood were located using field visits, assessors data, 
and Google Street View. These were entered into ArcView for inclusion 
in the analysis. 
b. Distance from home to "community center" designation from GRANIT 
(New Hampshire's geographic data repository) for residences within 2 
miles. 
2. Distance from center of neighborhood to services 
a. Distance from center of neighborhood to specific services listed in the 
CAN and DO walk question, identified by field visits and assessors data. 
b. Distance from center of neighborhood to "community center" designation 
from GRANIT (New Hampshire's geographic data repository) 
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3. Distance between homes ~ Average number of homes per road mile in 
neighborhood or sub-neighborhood 
4. Number of intersections within neighborhood 
5. Number of intersections within % mile of home 
F.3 Null Hypothesis 
The null hypothesis is: the form of the built environment (as measured by 
sidewalks, connectivity, distance to services, etc.) has no impact on either public health 
(as measured by self-reported health and body mass index) or on transportation decisions 
(as measured by the number of places residents report that they can or do walk, and the 
frequency of those walking trips). To confirm or reject this hypothesis will require 
investigating the differences in health and in transportation decisions exhibited by 
residents of neighborhoods with different designs, and teasing out the non-built-
environment related reasons that these residents might differ in overall health or 
transportation decisions. These reasons might include age, socio-economic status, 
presence of children, and proclivity for exercise. 
The alternative hypotheses are: 
The form of the built environment does impact transportation decisions, as 
measured by differences in the numbers of places residents report that the can or 
do walk, or the frequency with which they walk, with differences in the built 
environment. 
The form of the built environment, through its impact on transportation decisions, 
impacts public health, as measured by self-reported health and body mass index. 
22 
F.4 Sampling Biases 
There are several different kinds of bias that can occur in a study of this kind, 
including random error, sampling bias and confounding (Aschengrau and Seage, 2003). 
Random error can be seen as the "probability that the observed result is due to 
'chance'" (Aschengrau and Seage, 2003) or the result of "meter and instrument noise and 
the inability to perfectly replicate measurement techniques" (Berthouex and Brown, 
1994). Random error is difficult to control for in study design, but must be considered as 
having possible influence on the outcome. 
Bias is a "systematic error in the design or conduct of study that leads to" 
(Aschengrau and Seage, 2003) misunderstanding of the relationships between variables. 
Four main types of bias could occur in this type of study: sampling bias resulting from 
selecting a certain demographic over another in distributing the survey, response bias 
resulting from a certain demographic responding to the survey more frequently than 
others, recall bias resulting from survey respondents not remembering and reporting their 
behaviors accurately when responding to the survey, and social desirability bias resulting 
from respondents under-reporting less desirable responses or over-reporting more 
desirable responses.2 Bias is especially problematic if it is differential, for instance if one 
group of people is more likely than another group to see increased walking as desirable 
and to artificially increase reported walking. To control recall bias, we primarily 
surveyed in the summer to ask about summer behaviors. Researchers can do little to 
control social desirability bias, but must nevertheless be aware it may exist. 
2
 For instance, respondents may tend to under report their own weight or over report the number of 
times they walk to the corner store. 
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As homes were selected at random to receive the survey and surveyors made 
every effort in the field to stick to those randomly selected homes, the opportunity for 
sampling bias was reduced. Response bias is a concern, as residents more likely to 
answer the survey may be similar in some way, such as more free time, thereby skewing 
the results; more free time to answer surveys may translate to more free time to walk to 
the store, for example. To address this issue, efforts were made to increase the response 
rate to the survey (Section 2.4), so that a wider group is represented. 
Although a random sample of households was selected from the neighborhoods, 
non-response can cause a bias in the resultant sample. The results of our survey were 
compared against United States Census results for Manchester and Portsmouth, New 
Hampshire and the United States. Tables 2.1 and 2.2 show that our sample was more 

















































Table 2.1 - Comparison of Survey Sample and Census Demographics, Marital Status 
However, it must be noted that the census gives values on average across entire cities, not 
only within the given surveyed neighborhoods. There are no demographics available for 
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the education or marital status (or gender, race, etc) of residents within the sampled 
neighborhoods. It is not possible, therefore, to determine with any defensibility the 
values that a weight would take. We can merely note, then, that our sample may not be 
entirely representative. 


























































Table 2.2 - Comparison of Sample and Census Demographics, Educational Attainment 
F.5 Confounding and Weighting 
Age certainly impacts health, and differences in socio-economic status can impact 
the transportation options available to an individual or a family. These impacts are not 
necessarily related to neighborhood; however, there may be more older people in one 
neighborhood than in another, just as there may be more lower income or disadvantaged 
families in some neighborhoods. It will be important to isolate impacts that are from 
3
 Includes the sum of respondents responding "Bachelor's Degree" or "Some Graduate Training." 
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these "confounders"4 before starting to look for impacts from the form of the built 
environment. It will be important to identify which variables are potential confounders, 
and to quantify the strength to which they confound the results, so that we can identify 
which variables are crucial to include in the multivariate analysis (Aschengrau and Seage, 
2003). 
Stratification is the most straightforward way to investigate the strength of 
influence of a confounding variable. In this method, the population is stratified by the 
potentially confounding variable, for instance, into age classes or income groups. The 
average values for several important outcomes are calculated for each strata, and these 
are compared to the outcomes for the full population. In general, if the strata outcomes 
differ from the full population outcomes by more than 10%, then the potentially 
confounding variable is confounding the results (Aschengrau and Seage, 2003). We will 
compare the differences between the strata outcomes and the differences between the 
average neighborhood responses (i.e. are differences between neighborhood A and B 
much greater than differences between young and old respondents) to prioritize the 
confounders that seem to be having the most influence. 
Stratification analysis for the potentially confounding variables was completed 
using the entire population of respondents, all survey results regardless of neighborhood 
or city. The resulting adjusted averages were compared to the unstratified overall 
average. Where the stratified and unstratified averages differ by more than 10%, the 
4
 To be a "confounder" the following criteria must be met: 1. The variable must be associated with the 
exposure (i.e. people of a certain age tending to live in a certain type of neighborhood); 2. The variable 
must be an independent cause or predictor of the outcome (i.e. people of a certain age tending to prefer 
or resist walking); and 3. The variable must not be an intermediate step in any causal pathway between 
exposure and outcome (i.e. people must not need to reach a certain age before selecting a certain 
neighborhood, health outcome or transportation preference). (Aschengrau and Seage, 2003). 
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variable is understood to be a confounder and will be kept in the detailed multivariate 
analysis. Results of the stratification analysis are included in the following chapters. 
Age - As people age, infirmities and ill health tend to become more common. In 
addition, in many cases, regular employment and the ability to drive become less 
common after a certain age. These outcomes associated with age are also associated with 
the outcomes of interest in this study (health and transportation behavior) - as a result, 
age could potentially confound a number of the variables of the survey, including health 
and transportation decisions. Although the year of birth was collected for each 
respondent, we assigned each respondent to an age group based upon their age on 
January 1,2010. 
People of Color - The vast majority5 of New Hampshire's population is 
Caucasian. However, a small percentage of residents and of survey respondents is from 
minority groups. We cannot predict, a priori, how the racial or ethnic background of the 
respondents might impact health, income and/or transportation decisions. 
Socio-Economic Status - Health may be more difficult for residents in lower 
income brackets to maintain. For instance, healthy food might be more difficult to 
include as a regular part of diet (Morland, 2002), smoking may be more prevalent 
(Winkleby, 2006), or obesity might be seen as less of a health risk (Wardle and Griffith, 
2001) for lower income persons - all potentially resulting in reduced health. However, if 
transportation or fuel is not affordable, then walking may be more prevalent in lower 
income populations. Socio-economic status, therefore, has the potential to confound a 
5
 According to the 2000 United States Census, New Hampshire was 96.0% white and 0.7% Black or African 
American. Manchester was 91.7% white and 2.1% Black or African American. Portsmouth was 93.5% 
white and 2.1 Black or African American. 
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number of the variables of the survey, including health, transportation behavior and 
transportation options. A stratified analysis for socio-economic status was completed, 
looking at SES as a potential confounder of study variables, including overall state of 
health, times per week exercise, maximum acceptable distance for walking, reasons for 
walking (especially gas prices), number of vehicles owned & used, length of commute, 
and average body mass index. 
Overweight and Obesity - We are interested in investigating the extent to which 
neighborhood design can influence health, partially measured by Body Mass Index 
(BMI). However, the interaction between BMI and exercise may be bidirectional (Weiss 
et al, 2007). In other words, although less exercise may result in an increased BMI, it 
also may be true that an increased BMI may result in less exercise. This type of 
confounding is very difficult to analyze. A stratified analysis of BMI as potential 
confounder for maximum acceptable number of minutes walking was completed. 
Self Selection - It may be the case that people who prefer to walk, choose to live 
in walkable neighborhoods, and people who prefer not to walk, select neighborhoods that 
are less walkable - or else do not specifically choose neighborhoods that are walkable. 
Although self-selection has a fairly high potential for being a confounder, it is quite 
difficult to control for in study design or analysis. However, the survey did ask 
respondents to describe their ideal neighborhood as well as what could be changed in the 
neighborhood to make it more walkable. Together, the responses to these questions may 
be able to get at the question of self-selection. Overall, it may be as much of interest to 
see which neighborhood design elements attract walkers as to understand which 
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neighborhood design elements encourage people to walk. Therefore, we continue with 
the analysis even though self-selection may remain a confounder. 
Married vs Single - As one survey was delivered per home, and the survey asked 
one adult in the household to complete the survey, researchers may have "oversampled" 
people who live alone. For example, imagine a neighborhood with 1000 homes, from 
which 100 homes are selected at random for the survey: 50% of the homes sampled 
contain single adults living alone and 50% of homes contain adults living with spouses, 
room-mates or other partners. A single person has a 50/1000 (or 5%) chance of being 
selected for the survey, while a married person has a 50/(1000*2) (or 2.5%) chance of 
being included, by virtue of the fact that selecting their home does not guarantee that they 
themselves will complete the survey (Hoover, 2005). To adjust for this over-sampling, 
Hoover recommends using a weight of 2 for every married person (or person not living 
alone), and a weight of 1 for single persons (or people living alone). 
Other Demographic Weighting - As discussed above, the demographics (age, 
socio-economic status, ethnicity, gender, parenthood, and marriage-status) for the survey 
respondents will be compared with published demographics for Manchester, Portsmouth, 
and New Hampshire. If a demographic group is determined to be under- or over-
represented, a weight will be applied to those in that specific group. For instance, the 
2000 US Census reports that Manchester is 12.9% over age 65. If our survey respondents 
include 25.8% over age 65, those respondents will need to be weighted by 0.5. If our 
survey respondents include 10% over age 65, those respondents will need to be weighted 
by 1.29. 
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F.6 Aggregation Schemes 
Potentially sensitive data was collected regarding respondents' health, income, 
travel behavior, etc. When any of the collected data is presented, it will be important, 
therefore, to ensure the anonymity of respondents, so that responses cannot be tracked to 
a specific person or home. Accordingly, we will aggregate the data, for instance by 
reporting the average response for a group of respondents, rather than reporting 
individual responses (Samarati and Sweeney, 1998). 
F.7 Statistical Analysis 
An initial analysis of variables most likely to be directly or linearly related was 
conducted. The purpose of this initial analysis was to determine how strongly variables 
are related, and if the expected relationships was observed and was in the direction 
expected. 
Variables determined, through the linear analysis, to be important in influencing 
the transportation behavior or health of residents will be carried into the multivariate 
analysis and multi-level modeling. This is likely to result in a great number of variables 
to be juggled in this analysis. It was determined that Stata and Excel together had all of 
the features and analyses available that were needed for this project. 
Discussion of the modeling process and results are included in the following 
chapters. 
F.8 Open-Ended Questions 
The survey contained several "open-ended" questions, for example "Assume you 
were able to live in any type of neighborhood you would like to. Please describe what 
that would be, in general." These questions, which are not confined to a prescribed set of 
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given responses or to a numerical value, have the potential to capture a great deal of 
information about each respondent. However, the questions are also more difficult to 
handle methodologically, as data cannot be grouped or aggregated as easily as for the 
more closed-ended questions (Hruschka et al, 2004). 
Questions like 'describe your ideal neighborhood' might best be dealt with 
differently than a question which includes 'other' in a list of factors determining whether 
a resident walks. The 'describe your ideal neighborhood is, to some extent, "more" open-
ended, with the expectation that the answer will be at least one sentence, and perhaps a 
lot more. The 'other' would seem to more likely expect a one word, one phrase, or at 
most a short sentence. Therefore the methods used to codify, aggregate and analyze these 
questions are described separately below. 
Shorter responses - Responses that are generally a word or phrase can best be 
analyzed using the concept mapping method described by Jackson and Trochim (2002). 
This analysis is on-going and will be completed after the present dissertation. 
Longer responses - Questions to which a longer response was expected include 'Are 
there things that could be done to make you more likely to walk in your neighborhood? ", 
'Assume you were able to live in any type of neighborhood you would like to. Please 
describe what that would be, in general" and 'Additional comments you might have are 
welcome below. " Given the number of survey respondents and that many respondents 
entered several different concepts to each question we quickly exceed the 200 statement 
limit for concept mapping. 
Therefore these longer responses were coded yes/no for mention of common 
concepts. For instance, The question "Are there things that could be done to make you 
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more likely to walk in your neighborhood?" resulted in the creation of binary variables 
which note if the respondent mentioned sidewalks, distance to services, crime/police 
activity, traffic, age or health, weather, ice/snow/plow activity, or nothing/perfect. These 
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Neighborhood Assessment Form 
Neighborhood Name 
City/Town, Zip Code 
Date 
Day of Week 
Time of Day 
Assessors' Names 
Local Watch Group Name 
"School has started" or 
"Summer vacation" 
1 Public outdoor space available for Children 
High Availability 
Lots of pocket 
parks, larger parks, 
slow traffic, yards 
appear available for 
common use, 
10 | 9 | 8 
Moderate Availability 
Fewer parks, some yards 
available for common use 
Ballparks at schools 
7 | 6 | 5 | 4 
Low Availability 
No parks, yards are 
fenced in, sidewalks 
are narrow or non 
existent, 
3 1 2 | 1 
2 Public outdoor space used by Children 
High Usage 
Many children 
outside & playing 
together in parks or 
common yards 
>25% streets have 
playing children 
10 | 9 | 8 ' 
Moderate Usage 
Few children outside & 
playing 25% to 10% of 
streets have playing 
children Children 
participating in organized 
sports at parks 




private yards, or 
behind private 
fences 
3 1 2 I 1 
Neighborhood Assessment Form 
3 Public outdoor space available for Adults 
High Availability 
Parks with gazebos, 
10 | 9 | 8 
Moderate Availability 
Front porches with 
furniture, 
7 | 6 | 5 | 4 
Low Availability 
No possibility to use 
or enjoy public 
space 





4 Public outdoor space used by Adults 
High Usage 
10 | 9 | 8 
Moderate Usage 
7 | 6 | 5 | 4 
Low Usage 
3 | 2 | 1 
5 Comfort level, security 
High Comfort 
>10% of homes 
have front doors 
wide open, 
10 | 9 | 8 
Moderate Comfort 
7 | 6 | 5 | 4 
Low Comfort 
3 | 2 | 1 
6 Friendliness 
Very Friendly to 
Surveyors 
Significant portion of 
residents are interested 
in proiect, ask questions, 
wish "good luck " 
10 | 9 | 8 
Moderately Friendly 
to Surveyors 
Not as Friendly 
Significant portion of 
residents express 
discomfort with 
surveys, slam doors, 
7 | 6 | 5 | 4 | 3 | 2 | 1 
7 Evidence of Racial Diversity 
High Usage 
10 | 9 | 8 
Moderate Usage 
1 | 6 | 5 | 4 
Low Usage 
























4 Public outdoor space used by Adults 
High Usage 
10 | 9 | 8 
Moderate Usage 
7 | 6 | 5 | 4 
Low Usage 
3 | 2 | 1 
CHAPTER 3 
MEASURING THE BUILT ENVIRONMENT'S IMPACT ON DESTINATION 
WALKING: 
A METHOD FOR SMALLER CITIES 
Preface 
This chapter has been submitted for publication, listing the co-authors as Cynthia 
Carlson, Semra Aytur, Kevin Gardner, and Shannon Rogers, all from the University of 
New Hampshire. Ms. Carlson completed the analyses described in the chapter and 
prepared the manuscript. Dr. Gardner and Dr. Aytur provided technical and editorial 
assistance. Ms. Rogers was instrumental in development and administration of the 
survey and data collection. This chapter is an integral part of the research preformed for 
this dissertation. 
Abstract 
Transportation infrastructure and transportation behaviors consume significant 
natural resources and are costly to municipalities, states, and the federal government. To 
investigate the influence that neighborhood-level built environment characteristics have 
on personal transportation decisions, this study included a multi-level analysis of 
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residents and a case study approach in two New Hampshire cities, Portsmouth and 
Manchester. The neighborhood-level physical characteristics measured included 
presence of neighborhood services, presence and condition of sidewalk, road connectivity 
(intersections per acre), and road density (lane miles per acre). The resident-level 
characteristics and behaviors were determined by survey, and variables included age, 
income, education, self-reported health, and self-reported destination walking (places to 
which residents reported they actually walk). 
The results showed significant relationships between self-reported destination 
walking and built environment characteristics, in particular presence and condition of 
sidewalks, in the neighborhoods studied. The results suggested changes that local 
municipalities or planning organizations could make to existing neighborhoods to remove 
barriers to walking and allow more residents to choose walking as a transportation mode. 
The method suggested a format that groups might consider when making these decisions 
for their own localities. 
This study brings together community-based research and a multi-level approach 
to investigate the association of built environment and transportation behavior at the 
neighborhood scale in smaller cities, suggesting a method that these cities might use to 
investigate local issues of sustainability and potential retrofit. The importance of 
focusing this work on smaller cities is discussed. 
A. Introduction 
The question of whether the built environment is associated with transportation 
behavior and physical activity has been explored from many different disciplinary 
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perspectives, including transportation (TRB/Institute of Medicine, 2005), health (Jackson, 
2003; Berrigan and McKinno, 2008), planning (Frank and Engelke, 2001; Handy et al, 
2002), and climate change (Ewing et al, 2007). These studies largely focus on 
neighborhood "style" (e.g. traditional, suburban, sprawl) (Bagley and Mokhtarian, 2002; 
Ewing and Cervero, 2001; Owen et al, 2004), while fewer studies examine specific 
measurable correlates of the built environment to transportation behavior (Hoehner et al, 
2005; Li et al, 2005) or what barriers, perceived or physical, might exist to walking in 
neighborhoods. Many of these studies note the paucity of research on the specific built 
environment metrics that are related to transportation decisions and the nature of those 
relationships (Vance and Hedel, 2007). 
Physical activity, and associated barriers or incentives, is an extremely important 
phenomenon to understand. In 1999, over 64 percent of adults were overweight (BMI 25 
to 29.9) or obese (BMI >30kg/m2), according to the National Health and Nutrition 
Examination Survey, NHNES (Salinsky and Scott, 2003). The NHNES showed rates of 
68 percent (overweight and obese combined) in 2007-2008 (Flegal et al, 2010). This 
means that less than one third of Americans are a healthy weight, as defined by the 
Center for Disease Control (CDC, 2009a). In general, weight gain occurs "when energy 
intake (calories consumed) exceeds energy expenditure (metabolism and physical 
activity)" (Salinsky and Scott, 2003). According to the CDC's Behavioral Risk Factor 
Surveillance System 2001, BRFSS, only 45% of adults "were active at recommended 
levels during nonworking hours" (Macera et al, 2005). Lack of physical activity 
contributes to obesity (Arsenault et al, 2010). 
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It may be possible to adjust the built environment to increase physical activity and 
to reduce automotive vehicle miles traveled, thereby reducing energy use and greenhouse 
gas emissions. Pitkin and Myers (2008) point out that as baby boomers age it would be 
wise to plan for "smart reuse" of existing land uses, including improved efficiency of 
built environment design for reduced need to drive. If municipalities or regional planning 
authorities could retrofit existing neighborhoods and communities to remove barriers to 
walking and allow residents to choose walking as a mode of transportation, perhaps this 
would both stabilize energy spent on transportation and transportation infrastructure and 
provide physical activity for improved health. Changes might be considered during 
periods of growth, when change in local infrastructure is likely to be occurring, as well as 
during periods of decline, when such alterations might increase marketability or usability 
of existing land uses and patterns. In either case, specifics of local form and city size 
would need to be considered (Southworth and Owens, 1993). 
In the 1990's, small cities (<50,000 people) grew considerably faster than their 
larger counterparts. By 1997, approximately 47% of Americans lived in cities with 
populations under 50,000; cities that had an average growth rate of approximately 18.5% 
from 1990 to 2000 (Brennan and Hoene, 2003). In addition, small cities, and therefore 
small municipal governments, vastly outnumber larger cities, with 94% of municipal 
governments representing populations of 25,000 people or less (Brennan and Hoene, 
2003) and all but 1.1% of municipal governments in the United States representing 
populations of less than 100,000. Even so, the largest cities, such as San Francisco, 
Seattle and Washington, DC, are more often the focus of studies on walking (Ewing and 
Cervero, 2001). Thus, authorities in small to medium-sized cities wishing to redesign or 
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retrofit existing neighborhoods to be more 'walkable' have general guidelines (such as 
new urbanism (VTPI, 2010) or LEED Neighborhood Standards (USGBC, 2009)), but 
may still struggle with which guidelines are most relevant for their communities and how 
to implement these locally within existing built environments for the best results 
(Whitford, 2006; Rodriguez et al, 2008). 
Although some are suburbs of or adjacent to larger cities and therefore themselves 
dependent upon larger cities for services, some smaller cities and their governments have 
unique challenges and needs associated with transportation and the built environment. 
These may include providing services and maintaining infrastructure for a more disperse 
population (transportation, drinking/waste water, etc.), providing support services 
(schools, hospitals, jobs, etc.) for surrounding rural communities, and leveraging funding 
for operating costs of these services (MacGillis, 2010), emphasizing the need to include 
regional planning when considering changes to local infrastructure for sustainability. In 
addition, small cities and their governments may experience differences in health and 
health care, including fewer health care visits by residents (Gerdtham, 1997) and higher 
obesity rates (KSU, 2010). These differences underscore the importance of investigating 
transportation decisions in smaller cities and their implications for both local and regional 
planning. 
To investigate how the local built environment impacts personal transportation 
decisions in smaller cities, it is necessary to collect data at the local scale. Although 
regional scale is important, in particular to population-level transportation characteristics 
(Ewing et al, 2003) and geographic health disparities (Krieger et al, 2002), built 
environment characteristics that are most easily changed/retrofitted and are therefore of 
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interest here may be averaged out into the overall form of the city - potentially important 
differences in structure might be overlooked during research at larger scales (Anderson, 
1999). A larger, regional scale will be of interest in investigating overall transportation 
patterns and population level dynamics and may even indirectly influence more local 
environments. However, if we are investigating which built environment characteristics 
are most important in making a specific locale more 'walkable', the neighborhood scale 
appears to be an appropriate place to start (Krizek, 2003). Comparing resident behavior 
between neighborhoods of different design may best elucidate how those designs relate to 
personal transportation behavior, and provide manageable retrofit projects for 
municipalities. 
We are specifically interested in studying walking as a mode of transportation 
behavior, rather than recreational walking. The goal of this paper is to measure the 
influence that several specific built environment characteristics have upon 'destination' 
or 'utilitarian' walking, and to estimate the variability in local transportation behavior 
that is correlated with the physical environment in the studied cities. We then use these 
metrics to illustrate how changes in the built environment might improve local 
sustainability in smaller cities by removing physical or perceived barriers to destination 
walking. 
B. Methods 
B.l Case Studies: Selection of Cities and Neighborhoods 
The case studies for this project are the cities of Portsmouth and Manchester, New 
Hampshire Figures 2-1 and 2-2). Selecting case studies from within New Hampshire 
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removes certain confounders that could arise from the selection of communities from 
different states, including variation in state regulations and differences in climate, culture, 
and seasons. 
In alignment with Community-Based Participatory Research (CBPR) principles 
(Leung et al., 2004), it was important to our team to work with our case study 
municipalities; we hoped our work would be relevant and useful to those municipalities, 
as research they themselves helped to design. To achieve this goal, we met with 
municipal employees several times through the study period, asking for input on survey 
design, neighborhood selection and desired outputs. The overall study framework was 
similar to the CBPR framework described by Leung et al. (2004), including 
communication, input and feedback with community and municipal leaders at all stages 
of the project. We did not have the communities perform any of the actual surveying or 
field measurements, as they will then be able to compare our data with data they are 
collecting for other purposes, enriching the use of both data sets. 
Portsmouth. Portsmouth, New Hampshire, a small city on New Hampshire's 
seacoast, is fostering walkability and sustainability. Portsmouth was the northeast's first 
designated eco-municipality,1 agreeing to include principles of sustainability in city 
master planning. In early 2008, the city appointed a sustainability coordinator (City of 
Portsmouth, 2008) to oversee sustainability initiatives in city departments. Since that 
time, the city has installed an energy saving roof on City Hall, replaced lighting fixtures 
in a parking garage, and purchased a "zero-gas" electric truck for parking enforcement. 




and an energy challenge with the City of Keene. Residents have formed study circles 
around The Natural Step (James and Lahti, 2004) educating themselves and each other 
about ways the community can improve its own sustainability. 
With 20,744 residents at the 2000 United States census, the city has a downtown 
area that is vibrant and attractive to both natives and tourists. Portsmouth is a small, 
relatively wealthy city that has taken steps towards sustainability and is ready to 
investigate what might be the most effective next steps. 
Manchester. Manchester is New Hampshire's largest city, with 107,000 residents 
at the 2000 United States census. Manchester has an urban core and suburban or rural 
outskirt. Surrounded by smaller towns and rural areas that largely depend upon the 
health and social support infrastructure in Manchester, regional planning and 
management is a central issue in municipal service planning. The municipal planning 
and health departments staff is active and engaged, and while there is no staff specifically 
tasked with implementing sustainability projects, as in Portsmouth, public health is a 
unifying issue that is carried across several departments in Manchester. 
Manchester has a relatively large refugee and international population, with over 
76 different languages spoken in the public schools (SNHA-HEC, 2008). Cultural 
differences within and between neighborhoods may influence the acceptability of 
walking, associating with neighbors, allowing children to play outdoors alone, and other 
factors that potentially influence physical activity and public health. 
Manchester is a small city struggling to develop ways to improve the public 
health and social capital of residents without funds to drastically change the existing built 
environment. It offers the opportunity to study what cities might think about first, i.e. the 
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'low hanging fruit' issues around which cities might rally residents, or simple changes 
that cities could make to reduce barriers to walking. The City's health needs assessment 
(MAHCCT, 2009) acknowledges transportation, recreation and the physical environment 
among elements of community design that impact health and quality of life. 
Comparing the Case Studies. Both of the municipalities have distinct historic 
neighborhoods, defined by the city itself and/or by the residents. These manageable 
pieces allowed researchers to investigate how the built environment at the neighborhood 
scale is associated with personal transportation decisions. More rural towns, with less 
distinct neighborhoods, would be more difficult to study in this way, lacking the variety 
of development styles found in both Portsmouth and Manchester. Both cities have a 
variety of development types, including downtowns, neighborhoods that are satellite to 
downtown, and more "sprawP'-type development, characterized by low-density, 
segregated land-use, and lack of "activity centers" (Ewing et al, 2003). This variety 
allowed us to approach residents of areas that are representative of different forms of 
built environment. Finally, focusing the study on specific neighborhoods helped to 
manage the physical process of distributing surveys. 
Selecting the Neighborhoods. Initially, ten neighborhoods were selected in each 
city. Several smaller areas were added to increase the variety of development types 
studied and to oversample for the lower income brackets for increased representation of 
disadvantaged residents (Li et al, 2005). However, these additional areas were not large 
enough for 100 residents to be surveyed. Overall, with input from municipal 
representatives, twenty-two neighborhoods were selected to offer a range of built-
environment/development styles and socio-economic statuses, while also being of similar 
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size and extent. The selected neighborhoods are shown in Figures 2-1 and 2-2. Selected 
demographics and transportation behaviors (collected by survey) of respondents in the 
neighborhoods are included in Table 3.1. 
B.2 Data Sources 
Information about demographics and personal transportation behavior was 
collected from residents in the form of a survey: mailed-back in paper form and available 
on-line (Steele et al, 2001). Members of the research team delivered a paper-copy form 
with an envelope and an internet address for the on-line version to one hundred homes 
selected at random from within each of the predetermined neighborhood boundaries in 
the cities. Residents receiving the survey had the choice to complete the paper version 
and return in a stamped envelope, to complete the survey on-line, or to ignore the survey. 
A follow-up 'reminder card' was sent to residents who did not return the survey during 
the first round. 
The overall survey was based on the Saguaro Seminar's social capital short form, 
a shorter version of their 2000 Social Capital Community Benchmark (SCCB) survey that 
is available on the Saguaro Seminar's website. Added to the core SCCB survey were 
questions related to transportation (based upon Leyden (2003)) and health (based upon 
BRFSS (CDC, 2009b)). The specific transportation behavior questions used in this 
present analysis are presented in Table 3.2. 
Metrics related to the physical form of the neighborhoods were calculated from 
Geographical Information Systems (GIS) data available from the two cities and from 
New Hampshire's statewide GIS database, GRANIT (www.granit.unh.edu). Built 
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environment data were also collected and confirmed through field visits and through the 
use of on-line mapping services, such as Google Earth Street View. 
B.3 Outcome variable: Number of Walking Destinations 
The outcome variable used to determine the personal transportation decisions 
made by residents was calculated from question 2b in Table 3.2, "Please indicate all of 
the locations that you do walk in your community." The number of places checked by 
residents was summed, excluding the "other" category, resulting in a metric that varied 
from 0 to 13. 
B.4 Explanatory variables 
Demographic and individual perception variables (Table 3.3) derived from the 
survey of residents were first level (individual or resident level) variables. Built 
environment variables (Table 3.4), determined from GIS and field visits, were at the 
second (neighborhood) level. 
C. Results 
C.l Data Summary 
Survey Responses and Response Rates. Surveys were distributed to a total of 2004 homes 
(Manchester: 1019; Portsmouth: 985). Of those, 715 survey responses were returned, 
inclusive of all paper and internet responses. Thirty six surveys were returned blank or 
with no indication of neighborhood or city. Therefore, a total of 679 surveys were 
usable, completed with location of residence known (Manchester: 319; Portsmouth: 360). 
The overall net response rate was 33.9% (Manchester: 31.3%; Portsmouth: 36.5%). 
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In a meta-analysis of surveys to investigate impacts on response rate, Cook et al 
(2000) reported a mean response rate of 39.6% (std dev = 19.6%) for 68 published 
internet surveys, and 34.6% (std dev = 15.7%) for a subset of those surveys with more 
complete data. Fox et al (1988) reported a mean response rate of 40.0% (std dev = 
17.1%o) for surveys without extensive follow up. The response rate for the present study 
was within one standard deviation of these reported mail and internet survey response 
rates. 
Survey Data - Socio-demographics and transportation behavior. More important 
than a high response rate is whether the responders were representative of the population 
to which inferences might be extended. Descriptive statistics for socio-demographic and 
transportation behavior characteristics are given in Table 3.1. The average age of survey 
respondents, 51 to 52 years, was slightly higher than the average from the 2000 census 
(Manchester 45.0 years old, Portsmouth 46.3 years old, removing people younger than 20 
years old) (US Census, 2000). Age was included as an explanatory variable to 
investigate how age is related to the outcome. 
The average respondent income was slightly higher than the 2000 census average, 
although the mean income category for the survey respondents included the census mean 
(US Census, 2000). Although income was not significantly different from the city 
averages, it was included as an explanatory variable. 
Importance of Clustering. The intra-class correlation (ICC) is a measure of the 
increase in correlation of the outcome variable between individuals within a group over 
randomly selected individuals, and is calculated by dividing the group-level variance by 
the total variance (Rasbash, 2008). 'Neighborhood of residence' was used as the group; 
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u0J was the random, or as yet undetermined, influences of neighborhood level variables; 
ey was the random, or as yet undetermined, influences of individual level variables. 
Using Stata to fit the data to this model, the variance in the neighborhood-level random-
effects, u0J, was au2 = 4.46, while the variance for individual level variables, e1J? was oe2 = 
7.42. The ICC is (5u2/(ae2 + au2) = 38%. Therefore, 38% of the total variation in the data 
could be attributed to neighborhood effects. 
A second measure of the importance of clustering in the data is the design effect. 
The design effect is the ratio of actual variance (given that our sampling method was not 
entirely random, but rather involved randomly selecting households from within pre-
determined neighborhood clusters) to the variance if we assume simple random sampling 
with no clustering. The design effect is calculated as [1 + ICC*(n-l)], where ICC is the 
intra-class coefficient calculated above and n is the average number of residents sampled 
per cluster. The n for this data set was 29.6, so that the design effect was 11.9. Li et al 
(2005) calculated a design effect of 3.54 for their work in neighborhoods, saying that the 
value "provided justification for multilevel analysis." The higher design effect value 
calculated for the present study indicated that the neighborhood was an important level of 
analysis for this data. 
Both the ICC and the design effect of the present study point to the importance of 
considering neighborhood in analyzing this data. To most effectively accomplish this, we 
used multilevel modeling, or "cluster" modeling (Snijders and Bosker, 1999; Steele, 
2008). Individual survey respondents were nested within neighborhoods in a hierarchical 
structure (Rasbash, 2008). 
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C.2 Data Analysis 
Of the demographic variables, only age was consistently significant when other 
variables were included in the analysis. Health, income and education were not 
significant in the presence of age. The maximum acceptable distance in minutes that 
residents were willing to walk ("maxtime" from Table 3.3) was also consistently 
significant when other explanatory variables were included. 
Of the built environment variables, sidewalks and intersections (3 or more legs) 
were significantly associated with the number of places residents reported that they do 
walk, even while other variables were included. Surprisingly, in the presence of other 
variables, the number of local destinations was not significantly related to the number of 
places residents walk. Similarly, the variable "road lane miles" was not significant when 
other variables were included in the model. 
Adding the significant explanatory variables, age, maximum acceptable distance 
in minutes that residents were willing to walk ("maxtime"), intersections and sidewalks, 
the model became: 
Sumdoy = -0.159 + (-0.038)*age + 3.72* sidewalks + 0.047*maxtime + 
3.20*inters + u0J + ey (Equation 1) 
Where: 
• Sumdo = outcome variable, number of locations to which residents walk (ques 2b, 
Table 3.2) 
• Age = centered age (z=-5.21, p=0.00, CI [-0.052 to -0.023]) 
• Sidewalks = proportion of sidewalks in neighborhood (z=4.24, p=0.00, CI [2.00 
to 5.43]) 
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• Maxtime = resident's self-declared max time of walking (z=4.39, p=0.00, CI 
[0.026 to 0.068]) 
• Inters = count of intersections (3-leg or more) neighborhood (z=3.67, p=0.00, CI 
[1.49 to 4.91]) 
• Constant = (z=0.37, p=0.715, CI [-1.01 to 0.69]) 
The remaining resident level variance, ae , was 6.58. The neighborhood level 
variance, ou2, dropped from 4.45 for the basic model with no explanatory variables to 
0.60 with the above explanatory variables included. The variables thus explained a great 
deal of variance between neighborhoods, but did not explain as much of the variance 
between individuals. 
D. Discussion and Conclusions 
D.l Explanatory Variables: Demographics and Individual Perceptions 
The variables based directly on survey data were first-level variables, associated 
with individual residents, while second-level variables (sidewalks, intersections) were 
ecological variables associated with neighborhoods. First-level variables therefore 
helped describe the variance between individual behavior, but not between 
neighborhoods. When averaged over all respondents within a neighborhood, however, a 
first-level variable became a second-level variable (such as average age in a 
neighborhood). 
Age - Walking is an important component of an active and healthy lifestyle at all 
stages of life, but particularly for the elderly (Berke et al, 2007). However, as we age, 
walking for transportation may become less feasible. Age was therefore expected to be 
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negatively associated with the outcome variable, and our results confirmed this. As 
residents get older they walk less. However, while the relationship was significant, the 
coefficient, or slope, was quite low (-0.04). Both the sidewalks and intersections had 
much higher coefficients, indicating that a built environment that is conducive to walking 
may allow older adults to be more physically active. The average age of each 
neighborhood (second level variable) was not significantly related to the variability in 
destination walking between neighborhoods. 
Self-reported health - Survey respondents were asked to rank their own health on 
a Likert scale from poor to excellent (Li et al, 2005). One's physical health, as well as 
the perception of one's own health, may impact physical activity as those in very poor 
health may be unable to engage in utilitarian walking behaviors. Although this variable 
was significant alone, it became less so in the presence of age, indicating perhaps that the 
variable age better accounted for reduction in the respondents destination walking due to 
reduced health. Self-reported health lost significance entirely when both age and 
sidewalks were included in the model. 
Income and Education - Both income and education have been observed to be 
moderately correlated with walking (Hallal et al, 2005), although other work indicated 
that socioeconomic status does not impact walking prevalence (Siegel et al, 1995). Either 
way, these variables may influence the outcome variable; residents who cannot afford a 
car may be forced to walk (rather than choosing to walk) as a primary form of 
transportation, and thus may also have other economic impacts such as reduced access to 
medical care or food (Bostock, 2001). Income and education, therefore, may be 
interaction variables, potentially changing the way other variables are correlated to the 
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outcome. Our results, however, did not bear this out. Although both education and 
income were significant if they are the only variable, they each lost significance entirely 
when age was introduced to the model. Although there were some lower income 
residents who, in the comments, indicated they did not own a car, this did not seem to be 
a statistically significant condition for the survey respondents. 
Gender - Because the gender of respondents may be correlated with walking, this 
first level variable was included in the analysis. It was not found to be significant in this 
data set, however, either alone or in the presence of other variables. 
Race - Race may be weakly correlated with destination walking (Siegel et al, 
1995). However, we did not find sufficiently diverse populations to investigate this 
relationship in detail. The State of New Hampshire, according to the 2010 census, is 96% 
white. Urban areas are slightly more racially diverse with Manchester at 91.7% white, 
and Portsmouth at 93.5% white (U.S. Census, 2000). In this survey, we asked 
respondents to identify themselves with racial groups as listed in the U.S. Census. The 
percent identifying themselves as "white," without selecting any additional categories, 
were thus labeled "white." Excluding those who entered a non-racial identifier (e.g. 
"human"), those who either did not select white or selected white and a second or third 
identifier, were labeled "non-white." Only one neighborhood was below 80% white, and 
all but four out of twenty-two were above 90%. The variable was not significantly 
correlated with destination walking, either alone or in the presence of other variables. 
Maxtime - The third question in Table 3.2, "what would you consider a 
maximum acceptable distance in minutes," was a measure of personal perception of the 
acceptability of walking as a means of transportation. It may be that a neighborhood is 
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perfectly designed for walking convenience, but the residents choose not to participate. 
Similarly, it may be that a neighborhood has numerous barriers to walking, but the 
residents enjoy walking, highly value the activity, or lack other transportation 
alternatives, and therefore will walk. This measure represented a particular resident's 
preference for walking and may, therefore, have been a proxy for neighborhood self-
selection (Handy et al, 2006). Maxtime was significantly correlated with number of 
walking destinations, both alone and with other variables. As with age, however, it did 
not explain any of the between-neighborhood variation, either as an individual level 
variable, or when averaged across the neighborhood to form a neighborhood-level 
variable. The maximum time that respondents were willing to walk was not significantly 
correlated with built environment metrics, such as sidewalks, connectivity or road lane 
miles. 
The time that residents are willing to walk was positively correlated with walking; 
residents who were willing to walk for longer periods of time were more likely to walk in 
their neighborhood. Although this is a rather obvious outcome, it raised the issue of 
whether it is possible to increase the time or distance that residents are willing to walk. If 
walking was made to appear more socially acceptable, safer, or more convenient, would 
residents walk more often and therefore gain health benefits? If changes are made to the 
built environment in the neighborhoods studied, a follow up study may help determine 
what cultural or social changes support greater use of new infrastructure (Fisher and Li, 
2004). 
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D.2 Explanatory Variables: Built Environment 
Intersections - Density of intersections (number divided by area) characterized 
the connectivity of the local street network. Although connectivity has been surmised to 
be positively correlated with walking (Saelens et al, 2003), perceived safety of 
intersections may also impact destination walking (Li et al, 2005). The number of 
intersections, calculated for each neighborhood, was a second-level variable. 
Four Legged and up - Following Frank et al (2004), we investigated 
whether connectivity, measured by "the number of intersections with more than 
three legs per [area]" (Frank et al, 2004) influenced walking. The number of four-
way intersections within or adjacent to the neighborhood boundaries was counted, 
and divided by the area of the neighborhood. 
Three Legged and up - There were a great number of 3-legged 
intersections in the studied neighborhoods. These intersections were included in 
this metric, along with those in the 4-legged intersection count, to investigate the 
relationship between walking and connectivity. 
As Frank et al (2004) suggested, intersections were correlated with walking for 
transportation; neighborhoods with more connections were walked more often than those 
with fewer connections. However, interestingly, intersections with four or more legs 
were not correlated with walking, while intersections with three or more legs were. More 
investigation is necessary to determine why this is, for example if perceived safety is a 
factor, or if simply three-legged intersections are what are present, and these intersections 
improve connectivity, if not as well as additional four-legged intersections might. 
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Businesses - One might assume that the count of nearby destinations would be 
correlated to the types of places that residents report walking (Handy and Clifton, 2001). 
However, previous studies have shown mixed results as to the importance of nearby 
businesses (McCormack et al, 2008). This second level variable counted the number of 
services listed in question 2a (Table 3.2) that fell within the bounds of each neighborhood 
(e.g. 5 restaurants + 2 parks + 3 churches =10 destinations). Although significantly 
correlated to destination walking when it was the only explanatory variable, the count of 
nearby destinations was not significantly correlated when the "sidewalks" variable was 
added to the model. 
Lane Miles - 'Road lane miles per acre' is a measure of road density often used as 
a measure of the built environment (Cervero and Hanson, 2002). This second level 
variable was calculated as the road miles in the neighborhood, excluding highways, 
divided by the total number of acres in the neighborhood. This variable was significantly 
correlated when it was the only explanatory variable or in the presence of the variable 
"sidewalks", but was not significantly correlated when the three-and-up-legged-
intersections variable was included in the model. 
Sidewalks - Presence and condition of sidewalks was estimated as a percentage 
for each neighborhood, with 100% meaning all streets in the neighborhood have "mint" 
condition sidewalks, and 25% signifying a neighborhood with poor quality sidewalks on 
only half of its streets (0.5 * 0.5). Based on the neighborhood, this was a second level 
variable. 
Sidewalks were strongly positively correlated with walking (Saelens et al, 2003); 
residents apparently walked more if there were suitable sidewalks available. Sidewalks 
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may also have been a proxy for other unmeasured characteristics, such as a local culture 
of walking, street trees, etc. However, it would appear that a good sidewalk or walking 
path is a good place to start for a municipality that wants to encourage healthful physical 
activity and reduce automotive traffic. 
D.3 Practical Implications 
Although these correlations were not assumed to be causal, to further investigate 
the relationships observed and to suggest which structural retrofits might make the 
greatest impact, it may be asked how the given model suggests walking might change in a 
neighborhood should sidewalks be made more available or of better quality. In 
neighborhood Y, which had the lowest average income, 70% of survey respondents 
selected "presence of sidewalks" as a response to the question "What affects your 
decision to walk to different locations within your community?" (Table 3.1). 
Respondents reported that they walk to an average of 2.7 destinations. The neighborhood 
received a sidewalk score of 0.5. If sidewalk access were improved, raising the sidewalk 
score to 0.75, the model suggested that the average number of places residents might 
walk could increase by a factor of 3.72, or (0.75*3.72) = 2.79 additional destinations. 
However, there remains a great deal of unaccounted for variability in the modeled 
relationships, and the study design does not permit any determination of causality. 
D.4 Conclusions 
Built environment metrics "sidewalks" and "intersections" were strongly 
correlated with the reported number of walking destinations. Municipalities that would 
like to increase walking for public health or energy use reduction may consider 
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improving the condition and availability of sidewalks, increasing connectivity where 
possible, and improving safety at intersections. 
Overall, municipalities may wish to follow a similar methodology: identify 
neighborhoods which might benefit from reduced barriers to walking (i.e. low income, 
center city), identify potential barriers to walking (i.e. lack or disrepair of sidewalks), and 
prioritize these for improvements. 
E. Study Limitations and Future Directions 
This present study only included neighborhoods in two cities, which was not 
sufficient to investigate city level differences with any statistical significance. Expansion 
to other small cities would enable researchers to look at the impact that city-wide 
planning efforts, culture, bus systems, etc. might have on personal transportation 
decisions of residents. 
There remains a great deal of unexplained variation in the individual level data. 
Residents, even in very walkable neighborhoods, choose not to walk. To explore how 
tightly residents hold preferences, randomly selected neighborhoods could be exposed to 
an education program about the benefits of walking or could be offered weekly guided 
walks encouraging people to get out. Outreach programs have been shown to be 
effective in increasing physical activity in older adults (Fisher and Li, 2004). Oakes 
(2004) suggested randomizing interventions to neighborhoods as a way to investigate 
causality. 
Self-selection may drive some of the differences in resident behavior, for 
instance, residents who prefer to live in walkable neighborhoods likely choose to move 
57 
into them. It is not possible to randomly assign residents to neighborhoods and then 
observe whether certain neighborhood features tend to encourage a larger percentage of 
people to walk. Following residents to see if those that move into or out of more 
walkable neighborhoods change their behavior would help investigate more fully to what 
extent built environment characteristics are causal for increased walking. However, this 
type of longitudinal study has been shown to be quite expensive, difficult and time-
consuming (Heckman and Smith, 1995). 
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Table 3.1 


























































































































































































































































 In answer to the question "What affects your decision to walk to different locations within your 
community? Check all that are applicable reasons/' what percentage of survey respondents checked 
"Presence of Sidewalk"? 
3




Transportation behavior questions (from survey) 
1. On a scale from 1 to 5, how convenient is it for you to walk in the neighborhood in which you 
live? 
2a. Please indicate all of the locations that you can walk to in your community: 
Post office Home of a friend 
Restaurant Grocery Store 
Coffee Shop/Cafe Bar/Pub 
Shopping center Community/Recreation Center 
Church Convenience Store 
School Natural Area/Open Space/Park 
Library/Bookstore Other, please specify 
2b. Please indicate all of the locations that you do walk to in your community (same list as 
above). 
3. Assume you were going to walk to one of the locations listed on the previous page. What 
would you consider a maximum acceptable distance in minutes? 
4. What affects your decision to walk, bike, or drive to different locations within your 
community: weather, safety concerns, gas prices, health issues, presence of sidewalk, distance to 















"What year were you born?" 
"Describe your overall state of health 
these days." 
What is the total of yearly incomes, 
before taxes, of all members of your 
household for the last year? (Ten 
categories given) 
"What is the highest grade of school or 
year of college you have completed?" 
List modified from US Census. 
Less than H.S =1 
High School diploma/GED = 2 
"What is your gender?" (Circle one) 
"What is your race? (Circle as many as 
necessary)" List from U.S. Census 
2010. 
Pre-analysis Data Manipulation 
Center about the average age in 2009. 
Poor =1, Fair=4, Good=3, 
Very Good=4, Excellent =5 
Assigned respondent midpoint of their 
range. Respondents in the "$200,000 
or more" category were assigned 
$200,000. 
Some College = 3 
Associate (2yr) or tech training = 4 
Bachelor's degree = 5 
Some graduate training = 6 
Graduate or professional degree = 7 
Female = 1, Male =2, Transgender = 
N/A 
Respondent circled only "white" = 1 
Any other combination = 2.4 
4
 Note: Although there may be other ways to present race (Bhopal and Donaldson, 1998), this method has 
been used by others in similar work (Kerr et al, 2007). 
61 
Table 3.4 












Number intersections with three or more legs 
within a given neighborhood, divided by area. 
Number intersections with four or more legs within 
a given neighborhood, divided by area. 
Number services listed in question 2a (Table 1) 
falling within bounds of each neighborhood. 
Presence and condition of sidewalks as percentage. 
100% = all streets have mint condition sidewalks. 
50% = half of streets have mint sidewalks or all 
streets have sidewalks with poor functionality. 
Road miles in neighborhood divided by acres in 
neighborhood, excluding highways. 
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CHAPTER 4 
COMPLEXITY IN BUILT ENVIRONMENT, HEALTH, AND DESTINATION 
WALKING: A NEIGHBORHOOD-SCALE ANALYSIS 
Preface 
This chapter has been submitted for publication, listing the co-authors as Cynthia 
Carlson, Semra Aytur, Kevin Gardner, and Shannon Rogers, all from the University of 
New Hampshire. Ms. Carlson completed the analyses described in the chapter and 
prepared the manuscript. Dr. Gardner and Dr. Aytur provided technical and editorial 
assistance. Ms. Rogers was instrumental in development and administration of the 
survey and data collection. This chapter is an integral part of the research preformed for 
this dissertation. 
Abstract 
This study challenges certain assumptions regarding previous approaches to 
understanding relationships of the localized form of the built environment, the physical 
attributes of the neighborhood, and the residents' perceptions of those attributes, with 
both destination walking and self-reported health at the neighborhood scale - and how 
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investigations of those relationships might be improved. Although the built environment, 
in particular sidewalks, road connectivity, and proximity of local destinations, correlates 
with destination walking, and similarly destination walking correlates with physical 
health, this study suggests that built environment and health metrics may not be simply, 
directly correlated but rather may be correlated through a series of feedback loops. 
Previous studies have investigated such associations at city-wide or county-wide scale, 
which may tend to "average out" the more complex relationships inherent in built 
environment and behavior associations; other studies have compared a small number of 
neighborhoods, which may also miss the more complex relationships present. This study 
proposes a conceptual model describing complex feedback relationships between 
destination walking and public health, with the built environment expected to increase or 
decrease the strength of the feedback loop. Evidence supporting these feedback 
relationships is presented. 
A. Introduction 
A.l Importance and Objective 
The Centers for Disease Control and Prevention (CDC, 2010) document 
"Recommendations for Improving Health through Transportation Policy" summarized 
ways in which health could be a consideration during development of transportation 
policy, including promoting active transportation and encouraging healthy community 
design. CDC also suggests that additional local research is required to increase 
understanding of the "relationships between transportation, health, and safety outcomes" 
and to gather "targeted community level data to track the impact of policies, programs, 
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and services." This project was designed to address these concerns, investigating local, 
neighborhood scale built environment and associations to resident's behaviors and their 
physical health. 
Study of how the built environment is associated with physical activity and health 
(Jackson, 2003; Berrigan and McKinno, 2008) has increased in recent years as the link is 
recognized as important in addressing public health issues, such as obesity and 
cardiovascular health. An understanding of how the built environment might impact 
health in certain populations, such as public housing residents (Heinrich et al, 2008) and 
the elderly (Berke et al, 2007), can result in interventions to help those populations 
become and remain active. Investigating more general populations may lead to broader 
understanding of how changes in demography might impact health (i.e. as populations 
age) and how to reduce barriers or perform interventions to encourage physical activity in 
more generalized groups (Eyler et al, 2003). Additionally, working with the studied 
cities themselves helps to identify perceptions and barriers at the municipal level, such as 
beliefs held by officials about which neighborhoods are most conducive to walking and 
which might need improved infrastructure. 
According to the 1999 Gothenburg Consensus Paper on Health Impact 
Assessment, health impact assessment (HIA) is the "combination of procedures, methods 
and tools by which a policy, program or project may be judged as to its potential effects 
on the health of a population, and the distribution of those effects within the population" 
(WHO, 1999). More simply put, HIA estimates "the effects of a specified action on the 
health of a defined population" (Scott-Samuel, 1997). As such, in a broad sense, the 
work completed for this current project could contribute to future community HIAs 
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locally and elsewhere by furthering understanding of how the built environment might 
correlate to health. 
The main objective of this study was to investigate which features of the built 
environment at the neighborhood scale are associated with destination walking and public 
health in smaller cities, as measured by self-reported health status and self-reported Body 
Mass Index (BMI). The purpose of the research was to increase understanding of how 
barriers to physical activity in neighborhoods might relate to behavior and health, with 
the goal of providing a framework to conceptualize how physical and perceived barriers 
might influence the relationship between destination walking and self-reported health 
status and BMI. 
A.2 Smaller Cities 
Small cities, and therefore small municipal governments, vastly outnumber larger 
cities, with 94% of municipal governments representing populations of 25,000 people or 
less (Brennan and Hoene, 2003) and all but 1.1% of municipal governments in the United 
States representing populations of less than 100,000. Even so, the largest cities, such as 
San Francisco, Seattle and Washington, DC, are more often the focus of studies on 
walking (Ewing and Cervero, 2001). Although some are suburbs of or adjacent to larger 
cities and may therefore be dependent upon larger cities for services, many smaller cities 
and their governments have unique challenges, including providing services and 
infrastructure (transportation, drinking water, wastewater, etc.) for a disperse population 
and providing support services (schools, hospitals, jobs, etc.) for surrounding rural 
communities. In addition, small cities and their governments may experience differences 
in health and health care, including fewer health care visits by residents (Gerdtham, 
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1997) and higher obesity rates (KSU, 2010). The differences underscore the importance 
of investigating transportation decisions in smaller cities and the implications for 
residents' health. This study focuses on neighborhoods of varying style within small 
cities in New Hampshire. 
In order to improve transparency of non-randomized behavioral research, 
including group-randomized studies, the TREND Statement (TREND: Transparent 
Reporting of Evaluations with Non-randomized Designs; Des Jarlais et al, 2004) was 
developed. The reporting methods of TREND are followed as closely as practicable in 
this study to enhance transparency and clarity of reporting. 
B. Methods 
B.l Measurement and Reporting 
Walking is an easy, accessible way to increase physical activity (Eyler et al, 2003), 
the importance of which has been widely accepted. Destination walking, as distinct from 
recreational walking, was selected as the measure of transportation behavior for this 
study because of its potential links to community sustainability and resilience (Newman 
and Kenworthy, 1999; Shay et al, 2006). 
Survey instruments to assess the localized form of the built environment, including 
resident perceptions of the environment, have been developed and tested for reliability. 
Brownson et al (2004) compared the results from three different survey instruments to 
determine their reliability in measuring the social and physical environment. Leyden 
(2003) conducted a survey in Ireland to investigate the civic engagement of residents in 
various types of neighborhoods. The present study builds upon Leyden's work in 
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particular by adding a more explicit health assessment component, through addition of 
BRFSS1 health questions to the survey instrument (CDC, 2009b). 
The "perception" of the built environment is an important category of barriers to 
walking. Many recent studies have shown that perception, as distinct from actual 
physical attributes of the built environment, may impact the decision to walk (Hoehner et 
al, 2005). Perception of walkability can be influenced by the physical attributes of a 
neighborhood (Leslie et al, 2005), as well as local culture, crime or crime reporting, 
traffic accidents, and other non-physical attributes, and should be understood as being 
potentially distinct from physical attributes. 
Expanding upon Leyden's work (2003), and to separate perception of the built 
environment from physical attributes and behaviors, in this project destination walking 
was not only measured as the number of places which survey respondents reported that 
they "can" walk, but also places that they reported that they "do" walk, as well as the 
frequency at which respondents engage in destination walking. 
B.2 Survey Participants 
The cities of Manchester and Portsmouth, New Hampshire, were selected for the 
survey-based study because of their variety of development types and ongoing 
collaborations between the university and these communities. Focus groups were held 
with representatives from Manchester and Portsmouth's health, planning, economic 
development, and parks and recreation departments in order to select neighborhoods, 
share information, and discuss results and implications across boundaries. Using input 
from these meetings, ten Portsmouth neighborhoods and ten Manchester neighborhoods 
1
 Behavioral Risk Factor Surveillance System, http://www.cdc.gov/brfss/ 
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were selected to represent the variety of development and socio-economic status present 
in the cities. 
Each residence within the predetermined neighborhoods was assigned a number at 
random, using the RAND function of Microsoft Excel. The households were sorted on 
these numbers and the lowest 110 numbers were targeted for surveying. Teams of two 
researchers delivered paper-copy surveys to each of the selected homes between July and 
October of 2009. When 100 surveys had been distributed, distribution stopped. The 
"extra" 10 households selected allowed for at-door refusals and non-residences (e.g. 
vacant homes). 
Residents receiving the survey also received a personal note explaining the purpose of 
the survey, a stamped envelope for returning the paper copy, a card giving the address for 
the on-line version of the survey (should this be the preferred method for the resident to 
answer the survey), and a tote bag as a 'thank you' gift to increase response rate 
(Edwards et al, 2002). If residents were not home, the tote bag containing the survey and 
other documentation listed was left at the home. All surveying was completed on 
weekday afternoons, from approximately 1pm through 6pm. 
A follow-up survey was conducted in low-response neighborhoods in November and 
December 2009. During this second round, survey respondents were asked to consider 
their warmer weather behavior, as an attempt to avoid seasonal differences in responses. 
A follow up postcard was sent to respondents who had not completed the survey by the 
end of December 2009. The survey was closed as of the beginning of February 2010 -
responses received after that date were discarded. 
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B.3 Interventions and Assignment Methods 
The interventions in this study are the existing conditions found within 
neighborhoods and communities. These conditions are measured by built environment 
metrics, such as presence/condition of sidewalks, road connectivity, distance to services, 
lot size, and road lane-miles. Residents of neighborhoods are exposed to these conditions 
in the course of their everyday living. 
Residence self-selection, or the decision for people with certain inclinations (e.g. 
preference for walking) to live in certain types of neighborhoods (e.g. more conducive to 
walking), plays a part in this type of study (Cao et al, 2006). As it is rarely feasible to 
randomly assign households or residents to interventions such as neighborhood type 
(Heckman and Smith, 1995), personal preference necessarily impacts the intervention to 
which an individual is exposed. This study, and others like it, could then be viewed as an 
opportunity to understand how a community can attract and encourage residents who 
prefer to walk, or how a neighborhood might improve perception of walking as a 
transportation option. If residents in a neighborhood of style 'X' walk more than 
residents in a neighborhood of style 'Y', this is valuable information even if the 
relationship is not viewed as causal. Other differences between the neighborhoods might 
be instructive about the differences in transportation decisions. Public health 
professionals and local planners might be able to use this information to encourage those 
residents who prefer to walk to act on that preference, thereby creating or supporting a 
culture of walking. Perhaps changing the overall culture of physical activity, in a 
community and beyond, begins with identifying and addressing physical and perceived 
barriers to walking in specific neighborhood contexts. 
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B.4 Outcome Variables 
The outcome variables for the present study (with survey question phrasing presented in 
parentheses) included: 
• Number of destination types available, as identified by residents. ("In the table 
below, please place a check next to all the locations you can walk to in the 
community in which you live.") 
• Number of destination types reached by walking. ("In the second column, please 
place a check mark next to those places you actually do walk."). 
• Frequency of walking for transportation. ("How often do you walk to get to places 
in your community? (Circle one) Everyday; Several times per week; Once a 
week; Once a month; Every couple of months; Once a year; Never; Don't know.") 
• Self-reported Body Mass Index. ("About how much do you weigh without shoes? 
pounds."; "About how tall are you without shoes? feet, inches.") 
• Self-reported health. ("How would you describe your overall state of health these 
days? (Please circle one) Excellent; Very good; Good; Fair; Poor; Don't know.") 
• Frequency of exercise ("About how many times per WEEK do you engage in 
physical activities or exercises for more than 15 consecutive minutes?") 
As the outcome variables are determined from survey data, only those residents 
returning the survey are included in the analysis. 
Independent, explanatory variables included: 
• Connectivity - The number of intersections (3-legged or greater) within the 
neighborhood divided by the area of the neighborhood. 
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• Businesses - The number of services falling within the bounds of each 
neighborhood. 
• Sidewalks - Presence and condition of sidewalks as a percentage. 
• Average Lot Size - The area of a neighborhood divided by the number of lots. 
• Open Ended Response, Sidewalks - Yes/no flag indicating if survey respondent 
mentioned "sidewalks" in the open ended question. ("Are there things that could 
be done to make you more likely to walk in your neighborhood?") 
• Open Ended Response, Distance to Services - Yes/no flag indicating if survey 
respondent mentioned distance to services (e.g. there is nothing close enough to 
walk to) in the open ended question listed above. 
B.5 Statistical Methods 
Confounding variables included in the analysis were age, education level, and 
household income. These variables have been shown to impact both physical activity 
(Frank et al, 2004) and public health (Ross and Wu, 1996), and are also related to 
neighborhood of residence and the neighborhood's access to physical activity amenities 
(Gordon-Larsen et al, 2006). Individual household income was not found to be 
significantly correlated; however, mean neighborhood income (mean of the survey 
respondents' stated incomes) was found to be significant in many of the model runs. 
Therefore, age, education, and mean neighborhood income remain in the models 
summarized in Tables 4.1 through 4.3, and results shown are controlled for these 
variables. 
Multi-level modeling (cluster analysis) was used as the survey respondents, selected 
at random from neighborhoods, are not completely independent of each other, but are 
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grouped geographically by neighborhood. Using individual and neighborhood as the 
units of analysis, this method was used to investigate how responses varied with built 
environment variables while accounting for clustering within neighborhoods (Fisher and 
Li, 2004). City was included as a dummy variable (Manchester = 1; Portsmouth = 0). 
C. Results 
C.l Participant Flow, Recruitment and Sample Size 
Surveys that were returned without enough information to identify the residence 
location of the survey participant (e.g. with the survey number scratched off) were 
excluded from the study. Similarly, surveys that were returned blank, or without any 
responses filled in were excluded. 
Surveys were distributed to a total of 2004 homes (Manchester: 1019; 
Portsmouth: 985). Of those, a total of 679 surveys were returned with enough data to be 
usable (Manchester: 319; Portsmouth: 360). Therefore, overall net response rate was 
33.9%> (Manchester: 31.3%; Portsmouth: 36.5%). 
Analyzing 68 published internet survey-based studies, Cook et al (2000) reported 
a mean response rate of 39.6% (std dev = 19.6%), and a slightly lower 34.6% (std dev = 
15.7%o) for a subset of surveys with more complete data. Fox et al (1988) reported a 
mean response rate of 40.0%o (std dev = 17.1%) for surveys without extensive follow up. 
The present study has a response rate within one standard deviation of these reported mail 
and internet survey response rates. 
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C.2 Baseline Data 
As the survey was only completed once, it could serve as a baseline for future 
studies. Municipalities or regional planning agencies interested in the relationships 
between built environment and health may be interested in repeating the data collection 
over time or after changes in the environment to explore subsequent behavioral or health 
changes. 
C.3 Outcomes and Estimation 
A summary of results, including the estimated effect size and 95%) confidence 
interval, is given in Tables 4.1 through 4.3. Table 4.1 shows that several built 
environment metrics are associated with destination walking. The strongest associations 
with destination walking were found for sidewalks and connectivity. Survey respondents 
who mentioned that there were few places to walk (open ended response mentioning 
distance to services, 11.7% of respondents) reported walking to significantly fewer 
locations and less often. However, survey respondents who mentioned sidewalks 
needing improvement (open ended response mentioning sidewalks, 26.6%o of 
respondents) tended to be those who reported that they do walk (coefficient of 0.214, 
significance level of 84% in adjusted model). Adding additional control variables of city 
(dummy variable) and number of times respondent reports having exercised for 15 
minutes or more (a measure of physical activity), increases the significance of each of the 
physical metrics in Table 4.1. The number of businesses in the neighborhood is then 
significant to over 99%) (p < 0.015) for all of the behavioral outcome variables. 
Table 4.2 shows that destination walking is related to health. This table reflects 
model results with BMI and self-reported health as independent variables (working to 
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explain behavior) and as dependent variables (explained by behavior). The table is setup 
as a matrix, so that relationships in each direction (selective and protective) can be 
observed. In both directions, actual destinations (places respondent does walk) and 
frequency of walking are significantly associated with BMI and self-reported health, 
while the potentially available places to walk (places respondent can walk) is not 
significantly correlated. Both protective and selective relationships were significant 
while controlling for age, education level, and the neighborhood average income level. 
Individual income was not significant, and therefore is not included in the final models. 
Similarly, the number of places that respondents reported that they can walk was not 
significant. Including control variables for city (dummy variable) and number of times 
respondent reports having exercised for 15 minutes or more (a measure of physical 
activity), does not substantially change the relationships shown in Table 4.2. 
As shown in Table 4.3, when controlling for mean neighborhood income, 
individual age, and individual education level, none of the relationships comparing 
physical built environment metrics and Health are significant to the 95%) level (all p 
values are greater than 0.20). The number of neighborhood businesses is at 79%) (p = 
0.21) significance for BMI, while all the other variables are under 60%) significance 
(p>0.40). Average lot size is at 86%o significance for self-reported health (coefficient = -
0.059; p =0.14), while all other variables are near or below 60%o significance (p>0.37). 
In the unadjusted model, without controlling for any of those factors, only the number of 
neighborhood businesses (BMI coefficient = 0.123, p = 0.037; self reported health 
coefficient = -0.014, p = 0.245) and average lot size (BMI coefficient = 0.399, p = 0.147; 
self reported health coefficient = -0.14, p = 0.005) were significant of the variables listed 
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in Table 4.3. Including city (dummy variable) and number of times respondent reports 
having exercised for 15 minutes or more does not substantially change the relationships 
shown in Table 4.3. 
C.4 Ancillary Analyses 
BMI varied with neighborhood (Inter-Class Coefficient (ICC) = 4.5%) (Fisher and 
Li, 2004)), as did self-reported health (ICC = 5.4%o), indicating that multi-level analysis is 
appropriate in this case. Much of the interclass coefficient, however, is attenuated by the 
inclusion of age, education level of respondent, and mean income of neighborhood (ICC 
of the adjusted BMI model = 0.044%o; ICC of the adjusted self-reported health model = 
5.3E-24%o). 
The number of places respondents reported that they "do" walk also varied with 
neighborhood (ICC = 37.6%) unadjusted, and 36.6%o when controlled for age, mean 
neighborhood income, education level, city (dummy variable), and number of times 
respondent exercised more than 15 minutes in the past week). The sidewalk variable is 
able to explain much of this variation (ICC = 12.3% adjusted model). 
The number of places respondents reported that they "can" walk varied with 
neighborhood (ICC = 40.1%o unadjusted, and 37.8%o adjusted for variables listed above). 
Sidewalk variable explained just over 10%o of the variation (ICC = 25.4%) adjusted 
model). 
C.5 Adverse Events 




Figure 4-1 summarizes one potential pathway for the built environment to 
influence physical health, through physical activity. Although health can be influenced 
by the built environment in many ways (e.g. air quality, water quality, building material 
toxicity, social capital or community cohesion, etc.), here we discuss only the 
"walkability" of the environment. If the relationship between built environment and 
health was linear as shown in Figure 4-1, then, as strong associations were observed 
between the built environment and destination walking, and between destination walking 
and health, it would seem to follow that there would be observable strong associations 
between built environment and health (Susser and Susser, 1996). These last associations 
were not observed. 
Destination walking, health, and the built environment are likely related in a non-
linear, complex way (Casti, 1986; Folke, 2006). Each of the three has independent 
drivers and the three have been shown to interact with each other (Casti, 1986). Perhaps, 
then, a more complex relationship, such as a feedback loop or a series of feedback loops, 
might more accurately describe the relationship between built environment, destination 
walking, and health (Auchincloss and Diez Roux, 2008). Figure 4-2 depicts such a 
relationship. The main feedback loop, marked "A" at the center, shows that healthier 
people walk more through a selective effect, which makes this population increasingly 
healthy through a protective effect. 
Two additional feedback loops are important to transportation decisions in the 
framework of this research. The built environment impacts transportation decisions via a 
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feedback loop, marked "B" in Figure 4-2, as infrastructure available for walking has been 
shown to increase the likelihood of walking (Pucher and Dijkstra, 2003; Badland and 
Schofield, 2005; Wang and Brownell, 2005), and increased local walking has been shown 
to provide support for improving the local walking infrastructure (Geraghty et al, 2009). 
A third feedback loop, marked "C" in Figure 4-2, shows that the perception of the built 
environment, independent of the actual built environment also interacts with 
transportation decisions as the perception that the built environment is walkable may 
increase the likelihood of walking (Addy et al, 2004; Leslie et al, 2005), and increased 
walking in an area may increase the perception that the area is walkable (Jacobsen, 2003; 
Addy et al, 2004). 
A final pathway relevant to this present research is marked "D" on Figure 4-2. 
Health is related to how the built environment is perceived as walkable (Schweitzer, 
2004; Braun, 1998). There are other pathways through which health and the built 
environment could be correlated (Dannenberg et al, 2003; Northridge et al, 2003), such as 
availability of healthful foods (Sallis and Glanz, 2006), air quality (Frank et al, 2006; 
Frank and Engelke, 2005), quality of housing stock (Srinivasan et al, 2003; Krieger and 
Higgins, 2002), and so on. However, these pathways, not being relevant to destination 
walking, are set aside for this present research. 
Support for several of the relationships shown in Figure 4-2 was apparent in our 
results. Table 4.1, showing correlations between the built environment and transportation 
behaviors, supports half of the feedback loop marked "B" in Figure 4-2, the built 
environment impacts transportation decisions. The present study did not look at 
advocacy or policy changes to confirm the second half of the "B" loop. Table 4.2, 
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showing correlations between the built environment and health, contains support for both 
sides of feedback loop "A" as labeled in the table, both protective and selective effects. 
Even though there is observed correlation between the built environment and 
transportation behavior, and between transportation behavior and health, there is no 
observed correlation between health and the built environment in this study (Table 4.3). 
This may indicate, as shown in Figure 4-2, that the relationship between the built 
environment and health is complicated and not direct. 
The Inter-Class Coefficient analysis tells us that variations in health by 
neighborhood seem to be largely explained by socio-economic factors. However, the 
variation in walking we see between neighborhoods is not fully explained by these 
factors, and can be somewhat explained by physical metrics of the neighborhood. 
D.l Perception 
The ultimate goal of improving walkability will also rely on addressing residents' 
perceptions of walkability as well as the localized physical form of the built environment 
(loop "C" in Figure 4-2). It is instructive that respondents who perceived too few 
destinations, even if this perception did not correlate well with physical measurements, 
walked significantly less often. This indicates that loops B and C (Figure 4-2) are 
independent, and that outreach programs involving awareness of local businesses and 
other destinations may be effective. For instance, city or private programs highlighting 
local business, such as "get to know your corner store" or "walkable local places," might 
encourage residents to think about their neighborhoods in new ways, and to consider 
alternative forms of transportation (Handy and Clifton, 2001). Programs to encourage 
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neighborhood residents to walk in a group (Fisher and Li, 2004) have been shown to be 
successful at raising awareness of walking as a transportation option. 
D. 2 Implications 
Understanding the complexity of relationships between destination walking, 
health, and the built environment is broadly applicable, particularly to the study of 
neighborhood scale behavior and health. The method of determining the physical or 
perceived barriers to walking at the neighborhood level and prioritizing these barriers for 
redesign is also applicable to communities in the United States and abroad. Similarly, 
working with municipal representatives to address perception of walkability at various 
levels in the city is a method that could be adopted elsewhere. Cities undergoing 
expansion or redevelopment may find this approach particularly of interest in analyzing 
how new form might connect with existing form. However, cities undergoing economic 
decline might also be interested in using the method to analyze how best to prioritize 
limited funds for neighborhood revitalization. 
Although a detailed survey method was used in this study, the results here are 
suggestive of more streamlined methods, such as using field visits to identify locations 
where sidewalks are in poor repair, road network connectivity is limited, or where 
neighborhood businesses are not frequented by local residents on foot. Community based 
focus groups and structured interviews, using the principles of Community Based 
Participatory Research (CBPR) (Leung et al., 2004) may be appropriate, especially to 
investigate perceptions of walkability. 
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D. 3 Limitations 
As with any environmental health study, there are numerous confounders, some 
of which are listed in Figure 4-1. In addition to the usual confounders of age, individual 
and neighborhood-average income level, and education level, which are controlled here, 
confounders of the relationship between the built environment and destination walking 
might include resident personal proclivity to drive, self-selection of neighborhoods 
more/less conducive to driving based on personal preference, socio-economic status of 
the individual relative to the neighborhood, and local culture of walking (Auchincloss 
and Diez Roux, 2008). The relationship between destination walking and health may 
also be influenced by variation in reasons for walking (e.g. doctor ordered therapy to 
improve existing condition, financial inability to purchase car). Many of these 
confounders are difficult measure precisely, and therefore the use of regression-based 
techniques to mitigate their effects may not be fruitful. However, exploring new 
measurement tools and the use of systems science methods (e.g., systems dynamics 
models and agent-based models) may extend this research. 
In addition, this present study only included neighborhoods in two cities, with a 
relatively low response rate for the lower income neighborhoods (higher income 
neighborhood response rate = 42%o; lower income response rate = 26%o). Expansion to 
other small cities with additional variety in socio-economic status of neighborhoods 
would enable researchers to look at the impact of socio-economic status and the influence 
that city-wide planning efforts, culture, bus systems, etc. might have on personal 
transportation decisions of residents in a variety of neighborhood types. 
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E. Summary and Conclusions 
Municipalities and public health officials may wish to increase residents' physical 
activity in order to improve public health. It is apparent that the built environment is 
correlated with physical activity, and that physical activity is correlated with health. 
However, the perception of the built environment may also be an important factor in 
residents' behavior, and there may not be a direct pathway from the built environment to 
improved health. Further work with the cities involved in the study can identify instances 
where the physical built environment, or the perception thereof, can be changed to 
improved local walkability. 
Our results confirm the findings of prior research showing that the built 
environment is correlated with physical activity, and that physical activity is correlated 
with health. However, we also demonstrate that to fully understand the complexity of 
relationships between the built environment and health outcomes may require additional 
analytic tools, such as those used in systems science, to complement regression-based 
methods. 
The next steps in this research include examining differences between the two 
cities studied, making recommendations to policy changes that might support capitalizing 
on selective effects to increase the incidence of walkability in neighborhoods, 
investigating which specific built environment changes seem to impact the relationship 
between behavior and health and the pathways by which this occurs, and comparing 
results in other neighborhoods and communities to further investigate the implications of 
these findings. We also plan to investigate the influences on individual's decisions to 
82 
walk in more depth through systems science methods, potentially using Agent Based 
Modeling (Auchincloss and Diez Roux, 2008) along with more detailed quantitative and 
qualitative data collection efforts. 
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Table 4.1: Matrix of Regression Analysis 
Physical Metrics and Behavior 
(Controlled for Age, Education Level, and Neighborhood Average Income) 




Number of businesses 
in neighborhood 
Average lot size 
Open-Ended 
"Sidewalks" 
Open-Ended "Dist to 
Services" 
Destination Walking - Outcomes 
Do walk 
5.89(4.3,7.5)0.82* 
6.09(4.5, 7.7) 0.80* 
0.16(0.056,0.27) 
0.055* 
-0.63 (-1.5, 0.20) 0.36 








-0.36 (-1.4, 0.69) 0.54 















Table 4.2: Matrix of Regression Analysis 
Behavior and Health 
(Controlled for Age, Education Level, and Neighborhood Average Income) 











































































































Table 4.3: Matrix of Regression Analysis 
Physical Metrics and Health 
(Controlled for Age, Education Level, and Neighborhood Average Income) 




Number of businesses in 
neighborhood 
Average lot size 
Open-Ended 
"Sidewalks" 
Open-Ended "Dist to 
Services" 
Health - Outcomes, Independent Variables 
BMI 
-0.303 (-1.67,1.07) 0.70 
-0.357 (-1.70,0.98) 0.68 
0.0638 (-0.036, 0.16)0.051 
-0.0408 (-0.50, 0.42) 0.23 
0.335 (-0.56, 1.23)0.46 




0.00635 (-0.011,0.024) 0.0091 
-0.0591 (-0.14,0.020) 0.040 




WHAT IS "WALKABLE"? 
CONTEXTUAL VARIABILITY IN CHARACTERISTICS THAT ENCOURAGE 
WALKING 
Preface 
This chapter has been submitted for publication, listing the co-authors as Cynthia 
Carlson, Semra Aytur, Kevin Gardner, and Shannon Rogers, all from the University of 
New Hampshire. Ms. Carlson completed the analyses described in the chapter and 
prepared the manuscript. Dr. Gardner and Dr. Aytur provided technical and editorial 
assistance. Ms. Rogers was instrumental in development and administration of the 
survey and data collection. This chapter is an integral part of the research preformed for 
this dissertation. 
Abstract 
In the new and growing interdisciplinary field connecting the built environment to 
resident behavior, gaps in understanding are continually being identified and addressed. 
This study investigates how the localized form of the built environment is differentially 
associated with destination walking in different settings. The results show that 
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neighborhoods of differing socio-economic status in different city contexts have physical 
environment characteristics that are differentially associated with walking. For instance, 
although sidewalks and road connectivity were strongly associated with walking in some 
neighborhood contexts, in others they are not significant. 
The importance of these findings is two-fold. Firstly, it is important for public 
health officials and municipal representatives hoping to improve walkability within given 
city neighborhoods to recognize that residents needs may be neighborhood dependent -
what worked in one neighborhood may not work in another. Secondly, the burgeoning 
field of built environment and walkability may make more progress towards 
understanding how built environment impacts behavior by looking at neighborhood-scale 
processes. 
While previous studies have shown associations between physical environment 
metrics and physical activity at the county, city, or neighborhood level, differences 
between neighborhoods of different types within and across city contexts are less well 
understood. Municipal officials, planners, and public health officials wishing to remove 
barriers to physical activity in neighborhoods should consider that barriers may be 
different for residents of different neighborhoods. 
A. Introduction 
A.l Importance and Objective 
The importance of physical activity has been well documented. In 2007-2008, 
according to the National Health and Nutrition Examination Survey (NHNES) 68 percent 
of adults in the United States are either overweight or obese (Flegal et al, 2010). This 
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means that less than one third of Americans are a healthy weight, as defined by the 
Center for Disease Control (CDC, 2009). According to the CDC's Behavioral Risk 
Factor Surveillance System 2001 (BRFSS), only 45% of adults "were active at 
recommended levels during nonworking hours" (Macera et al, 2005). In general, lack of 
physical activity contributes to obesity and other chronic diseases including 
cardiovascular disease and diabetes (Arsenault et al, 2010). 
Several local, national, and international groups have initiated programs to 
address links between physical activity and the built environment (Brisbon et al, 2005), 
including the Robert Wood Johnson Foundation's Active Living by Design, the 
American Society of Landscape Architects' Design for Active Living, The Smart Growth 
Network, and the US Department of Health and Human Services' STEPS to a Healthier 
US. These entities recommend a wide variety of interventions to increase physical 
activity, including increased open space and parks, safe and connected walkways, and 
more compact development. Furthermore, each of these groups advocates for 
community-specific discussion and interventions around the built environment and 
physical activity. However, none of these initiatives seem to address the potential 
concern that built environment characteristics may be differentially associated with 
resident behavior and levels of physical activity in different neighborhood contexts. 
Rajamani et al (2003) found that few studies have been completed that focus on 
the built environment at a neighborhood geographic scale, and at the same time conduct 
the analysis on an individual basis. Although the number of studies investigating the 
potential associations between built environment and physical activity has increased 
dramatically since 2003, there are still gaps in the research. Some studies were 
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completed on a neighborhood basis, but compared only two neighborhoods (Saelens et al, 
2003, Leslie et al, 2005). Others compared a larger number of areas, but were done on a 
census tract or county basis (Samimi et al, 2009; Aytur et al, 2007), as these are the scales 
at which large national data sets, such as the US. Census and BRFSS1 are available. 
Pikora et al (2003) interviewed experts about the impacts of the built environment, but 
did not connect the results to physically specific neighborhoods. Although these studies 
provided preliminary evidence establishing relationships between walking and 
characteristics of the physical environment, these methods, failing to examine a fine 
enough scale or failing to include a broad enough sample, will necessarily fail to 
determine differences in how built environment characteristics might be received by 
different populations in different neighborhood contexts. 
Studies have examined a "crow fly" circle of given radius (Rutt and Coleman, 
2004) or a street network length around a residence (Frank et al, 2004; Troped, 2003), in 
effect giving each residence their own "neighborhood" of influence. Moudon et al 
(1997) counted pedestrian volumes in neighborhoods of different styles, matching 
neighborhoods to control for density, income, auto ownership, commercial land use 
types, and walkable area within half-mile radius of neighborhood center. Only one study 
(Cervero and Duncan, 2003) was found which suggests that different socio-economic 
groups might have different definitions of what is "walkable," but this study did not 
suggest what these differences might be. 
While it may be intuitive that different populations would perceive different 
characteristics as more important for encouraging walking, i.e. close proximity to 
1
 Behavioral Risk Factor Surveillance System, http://www.cdc.gov/brfss/ 
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destinations might be important for encouraging walking for higher income residents, 
while lower income residents may be willing to walk farther (or may have little choice 
but to walk), the authors are aware of no study showing that physical characteristics 
might be differentially associated with walking behavior in different neighborhood 
contexts. 
The main objective of this study was to investigate assumptions about how the 
built environment might be associated with health behaviors, such as increased sidewalks 
(or destinations or safety) leading to increased walking without consideration of other 
factors within a given neighborhood. The purpose of the research was to investigate how 
neighborhoods of differing socio-economic statuses in different city contexts have 
physical environment characteristics that are differentially associated with walking. 
B. Methods 
The cities of Manchester and Portsmouth, New Hampshire, were selected for this 
survey-based study because of their variety of development types and several ongoing 
collaborations between the university and these communities. 
Portsmouth, New Hampshire is a small city (20,744 residents, 2000 United States 
census) on New Hampshire's seacoast that is trying to foster walkability and 
sustainability. Portsmouth was the northeast's first designated eco-municipality, 
agreeing to include principles of sustainability in city master planning. In early 2008, the 
city appointed a sustainability coordinator (City of Portsmouth, 2008) to oversee 




Manchester is New Hampshire's largest city, with 107,000 residents (2000 United 
States census). Manchester has an urban core and suburban or rural outskirt. Surrounded 
by smaller towns and rural areas that largely depend upon the health and social support 
infrastructure in Manchester, regional planning and management becomes a central issue 
in municipal service planning. The municipal planning and health departments staff is 
active and engaged, and while there is no staff specifically tasked with implementing 
sustainability projects, as in Portsmouth, public health is a unifying issue that is carried 
across several departments in Manchester. 
Focus groups were held with representatives from Manchester and Portsmouth's 
health, planning, economic development, and parks and recreation departments in order 
to select neighborhoods, share information, and discuss results and implications across 
boundaries. Using input from these meetings, eleven Portsmouth neighborhoods and 
eleven Manchester neighborhoods were selected to represent the variety of development 
and socio-economic status present in the cities (Rogers et al, 2010). Teams of two 
researchers delivered paper-copy surveys to each of the 100 randomly selected homes in 
each neighborhood between July and October of 2009. An on-line version of the survey 
was also available to respondents. When 100 surveys had been distributed, distribution 
stopped. The "extra" 10 households selected allowed for at-door refusals and non-
residences (e.g. vacant homes). 
B.l Outcome Variables 
The outcome variables for the present study (with survey question phrasing presented 
in parentheses) included: 
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• Number of destination types available, as identified by residents. ("In the table 
below, please place a check next to all the locations you can walk to in the 
community in which you live.") 
• Number of destination types reached by walking. ("In the second column, please 
place a check mark next to those places you actually do walk."). 
• Frequency of walking for transportation. ("How often do you walk to get to places 
in your community? (Circle one) Everyday; Several times per week; Once a 
week; Once a month; Every couple of months; Once a year; Never; Don't 
know."). A Likert-like scale was used to code these responses, with 6 
corresponding to "everyday", and 0 responding to "never." 
As the outcome variables are determined from survey data, only those residents returning 
the survey are included in the analysis. 
B.2 Explanatory Variables 
Demographic information, such as respondent's age, gender, education level and 
household income, was collected through the survey and is used in the following 
analysis. Additional explanatory variables that were collected through the survey 
included: 
• Self-reported Body Mass Index, BMI. ("About how much do you weigh without 
shoes? pounds."; "About how tall are you without shoes? feet, 
inches."). BMI is calculated as 703*(weight in pounds)/(height in inches). 
• Self-reported health. ("How would you describe your overall state of health these 
days? (Please circle one) Excellent; Very good; Good; Fair; Poor; Don't know.") 
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• Frequency of exercise ("About how many times per WEEK do you engage in 
physical activities or exercises for more than 15 consecutive minutes?") 
• Maximum time willing to walk ("Assume you were going to walk to one of the 
locations listed on the previous page. What would you consider a maximum 
acceptable distance in minutes?") 
• Open Ended Response, Sidewalks - Yes/no flag indicating if survey respondent 
mentioned "sidewalks" in the open ended question in the survey. ("Are there 
things that could be done to make you more likely to walk in your 
neighborhood?"). 
• Open Ended Response, Distance to Services - Yes/no flag indicating if survey 
respondent mentioned distance to services (e.g. there is nothing close enough to 
walk to) in the same open ended survey question listed above. 
Figure 5-1 includes histograms of several of these explanatory variables. The survey 
respondents tended to be between 35 and 55 years of age and married. Respondents were 
relatively highly educated, with 64% having at least a bachelor's degree, and with 
relatively high household incomes, with 48% reporting earning $75,000 or more 
annually. With 54% of respondents reporting being willing to walk between 15 minutes 
and 30 minutes to get to a destination, and estimating a walking speed of 
0.0485mi/minute to 0.0447mi/minute (1.2meters/second to 1.3meters/second, Wirtz and 
Ries, 1992), respondents are apparently willing to walk 0.67miles to 1.45miles. 
Respondents reported height and weight, from which body mass index was 
calculated, shown in Figure 5-1. Over 40% of respondents report height and weight 
corresponding to a "healthy weight" (CDC, 2011) of between 18.5 and 25 body mass 
3
 BMI, body mass index, is calculated as 703*(weight in pounds)/(height in inches). 
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index. Approximately 35% of respondents report height and weight corresponding to a 
body mass designated as "overweight" by the CDC (2011), and over 18% would be 
categorized as "obese." Some classification systems refine the CDC obese classifications 
further, adding "obese class ii," having a BMI of 35.00 to 39.99, and "obese class iii," 
having a BMI of greater than 40 (WHO, 2000). Using the WHO classification, almost 
6% of respondents would be classified as obese class ii or iii. There may be some 
response bias if respondents prefer to provide a slightly lower weight or slightly greater 
height than would be strictly accurate. The rates reported by survey respondents were 
slightly lower than those in New Hampshire as a whole: overweight (36.2%) and obesity 
(26.4%) (NHDHHS, 2011). 
Independent, explanatory variables from sources other than the survey included 
(source of data in parentheses): 
• Sidewalks - Presence and condition of sidewalks in neighborhood as a percentage 
of roads that are served (using a form to capture information about the built 
environment, researchers estimated sidewalk percentages through field visits and 
independently verified using Google Earth street view). 
• Connectivity - The number of intersections (3-legged or greater) within the 
neighborhood divided by the area of the neighborhood (calculated from GIS 
coverages), intersections per acre. 
• Businesses - The number of services falling within the bounds of each 
neighborhood and the number of services within % mile boundary of each 
neighborhood (calculated through field visits and Google Earth). 
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• Average Lot Size - The area of a neighborhood divided by the number of lots in 
acres (calculated from GIS coverages). 
B.3 Statistical Methods 
Multi-level modeling (cluster analysis) was used because the survey respondents, 
selected at random from neighborhoods, are not completely independent of each other but 
are grouped geographically by neighborhood (Wears, 2002). Using individual and 
neighborhood as the units of analysis, this method was used to investigate how responses 
varied with built environment variables while accounting for clustering within 
neighborhoods (Fisher and Li, 2004). 
Neighborhoods were determined to be either above or below the state median 
household income (Federal Register, 2008) based on the average household income of 
the survey respondents and the number of residents in the household. Although there is 
potential for selection bias, published income data is not available on a neighborhood 
basis. 
A combined city and income variable was then created to examine how median 
income might relate to neighborhood characteristics differently in the two cities. This 
variable was calculated as the median income dummy variable plus ten times the city 
dummy variable to create four categories (Portsmouth low income neighborhoods = 0; 
Portsmouth high income variables = 1; Manchester low income neighborhoods =10; 
Manchester high income neighborhoods = 11). After analysis was completed on the full 
data set, the neighborhoods were sorted into four subgroups based on this composite 
variable and analysis was repeated independently on these subgroups. This stratified 
analysis allows investigation of differences in the relationships between the groups, while 
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minimizing the number of new interaction variables that would need to be°created in a 
single model. 
B.3 Colinearity of Variables 
Before proceeding with a multi-variable analysis, it is important to check that the 
variables selected are not collinear, or highly correlated with each other. A high degree 
of collinearity can lead to instability in resulting models (Naes and Mevik, 2001). 
The statistical program Stata is commonly used to model clustered data (Wears, 
2002), and was used to perform the modeling in this present study. Stata 11 
automatically checks for collinearity when running a given model and rejects variables 
that are too highly collinear. To confirm that Stata was properly accounting for potential 
collinearity, additional analysis was performed. 
The Variance Inflation Factor (VIF) is a measure of how collinear a given 
variable is within a set of independent variables. VIF is calculated as the reciprocal of (1-
R! ), where Kx is the proportion of variance in the ith variable (O'Brien, 2007). If VIF is 
greater than 5, collinearity may be a problem (O'Brien, 2007). The VIF for this analysis 
was below 2.00 for all variables. Collinearity is therefore not of concern. 
B.4 Spatial Autocorrelation and Neighborhood Boundary Selection 
In studies where location is a factor, researchers must be aware of the potential for 
spatial autocorrelation, or the likelihood that errors within the data are not distributed 
evenly spatially, but rather cluster - that a measurement in a given location may be 
influenced by factors that are more similar to other measurements taken near that location 
than those farther away (Durbin, 1998). With the objective to investigate potential 
influences of the built environment on resident behavior, certainly location of survey 
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respondents is important. The present study is designed to test the hypothesis that 
residents within a given neighborhood will behave similarly to other residents of the 
same neighborhood due to factors within that neighborhood. Therefore, spatial-
autocorrelation potentially becomes a powerful way to further investigate how these 
factors are distributed within and between neighborhoods. 
Figure 5-2 indicates why spatial autocorrelation may be of interest beyond its 
potential utility as an additional analysis tool. Neighborhood Q, shown on the right of 
Figure 5-2, seems to display very specific spatial non-homogeneity; residents on the east 
side of the neighborhood seem to walk to fewer destinations than those on the west. 
Analysis does bear this result out, showing that neighborhood Q does have statistically 
significant spatial autocorrelation. This raises the question of whether neighborhood Q 
actually functions as two distinct sub-neighborhqods, with one having more walkable 
infrastructure than the other. For the present study, neighborhood boundaries 
corresponding to historic or pre-defined neighborhoods were used where ever possible. 
Neighborhood Q is the historic neighborhood of "Corey Square," and so was analyzed as 
one neighborhood rather than as two sub-neighborhoods. 
Figure 5-3 shows the number of destinations reported by survey respondents in all 
the neighborhoods in Manchester. Neighborhoods like G and R exhibit variety within the 
neighborhood with the potential for significant spatial autocorrelation, while 
neighborhoods like T and B exhibit far less variety between residents. 
Scale is also an important consideration in investigating spatial autocorrelation 
(Qi and Wu, 1996). For instance, a scale of one quarter mile could be used, as it is the 
median length of a daily walking trip in the 1995 American Travel Survey (Boer et al, 
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2007; USDOT, 1995), a scale of 0.05 miles could be used, corresponding to the 
approximate length of a Manchester inner-city block, or each neighborhood could be 
analyzed on some locally pertinent scale. Neighborhood Q shows statistically significant 
autocorrelation at a variety of scales, while other neighborhoods show no significant 
autocorrelation at any scale. 
C. Results 
C.l Full Data Set 
Analysis was done on the 700 survey respondents using multi-level modeling, 
with neighborhood as the cluster unit (Rabe-Hesketh and Skrondal, 2005). Table 5.1 
summarizes this basic statistical analysis. Outcome variables in the table include the 
number of places respondents indicated that they do walk, the number of places 
respondents indicated that they can walk, the frequency of respondents' destination 
walking, and the follow through (number of places respondents report they DO walk 
divided by number they report they CAN walk). Each column in Table 5.1 represents a 
model run with a different outcome variable (column titles). Each of the explanatory 
variables (row titles) was included, such that the coefficients and p-values given are 
results for a specific variable, while controlling for the other listed variables. The number 
of local businesses, the average lot size, and the open ended responses mentioning 
sidewalks were not found to be significantly associated with any of the outcome 
variables, and are therefore not included in the analysis. Gender and level of education 
were also found to be insignificant in the analysis and are not included. 
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The first column in Table 5.1 summarizes the results for the number of types of 
destinations that respondents report that they do walk. This outcome variable is 
significantly associated with age (fewer destinations as respondents age), sidewalks 
(more destinations in locations with more sidewalks), perceived distance to services 
(fewer destinations for respondents who mentioned distance to services as a concern), 
household income (more destinations as household income increases), intersections 
(more destinations as neighborhood connectivity increases), maximum time respondents 
reported being willing to walk (more destinations with increased time), body mass index 
(fewer destinations with increased BMI4), and the amount of time respondents report 
exercising (more destinations with more exercise). v 
The interclass coefficient for the number of types of locations respondents report 
that they do walk, without including any other variables, is 37.6%. Including the 
variables listed in Table 5.1, the ICC drops to 4.9%, indicating that much of the variation 
between neighborhoods is explained by the given variables, the majority of this by 
presence of sidewalks and intersections. 
The number of types of locations respondents report that they can walk increases 
as sidewalks, household income, and the amount of time respondents are willing to walk. 
As shown in the second column of Table 5.1, these explanatory variables all have 
positive coefficients. Respondents report that they can walk to fewer places with 
increasing age and increasing incidences of mentioning few nearby destinations. The 
number of types of locations respondents report that they can walk is not significantly 
4
 BMI, body mass index, is calculated as 703*(weight in pounds)/(height in inches). 
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associated with the number of intersections in the neighborhood, the respondents' body 
mass index, or the amount of time spent exercising. 
The frequency with which respondents walk was not significantly associated with 
household income, while it was found to be associated with all of the other variables 
shown, in the same direction as for the locations respondents report that they can and do 
walk. Follow through, or the ratio of places respondents actually do walk to those that 
they perceive that they can walk, was significantly associated with only household 
income (higher income associated with more follow through), intersections (more 
connectivity associated with more follow through), and body mass index (higher body 
mass associated with less follow through). 
C.2 Stratified Data Set 
Respondents were then sorted into four categories, as described above: 
neighborhoods whose average household income was below the New Hampshire state 
median household income in Portsmouth and in Manchester, and neighborhoods whose 
average household income was above the New Hampshire state median household 
income in each of the cities. Characteristics of the categories are shown in Table 5.2. 
The analysis summarized in Table 5.1 was then conducted on each of the four categories. 
The results are summarized in Tables 5.3 through 5.6 and described below. 
Sorting neighborhoods into groups by city and income level results in less data 
available in each group for analysis (about one-quarter the total of respondents in each 
group). The analysis permits variables to have randomly varying intercepts and slopes 
between the groups. 
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In addition, not all respondents completed the entire survey. As a result, as 
variables are added to the analysis, more data are lost, as respondents who did not answer 
a given question were not included. Table 5.2 summarizes the number of neighborhoods 
and respondents in each group before and after the variables are considered. The 
maximum time a respondent is willing to walk and the body mass index are the variables 
with the fewest respondents. To manage this loss of data, results were checked for 
robustness with and without these two variables. 
Number of Destinations that Respondents Do Walk. Table 5.3 gives results for 
the outcome variable summing the number of different types of locations respondents 
stated that they do walk, sorted by neighborhood and by whether the neighborhood is 
above or below the median state household income. Age is negatively associated with 
destination walking in each of the four groups of neighborhoods (Table 5.3); however, 
age is not significantly associated with destination walking in the wealthier 
neighborhoods in Manchester. In these neighborhoods, age does not seem to 
significantly reduce the number of places that residents do walk. 
While sidewalks significantly increase the number of places respondents do walk 
in neighborhoods above median state income, this significance does not hold for the 
lower income neighborhoods in either city (Table 5.3). Although the maximum time that 
respondents reported being willing to walk was significantly associated with the number 
of destinations that respondents report that they do walk in the full data set (Table 5.2), 
this relationship is only true in the above median income neighborhoods in Manchester 
(Table 5.3). 
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While intersections were apparently significantly associated with the number of 
places respondents do walk (Table 5.2), when we look at the neighborhoods in groups, 
this relationship only holds for the neighborhoods in Portsmouth above the median state 
household income (Table 5.3). Similarly, we see that while the self-reported BMI was 
significantly associated with the destinations residents report they do walk in the full data 
set (Table 5.2), this association only holds for the wealthier Portsmouth neighborhoods 
and the lower income Manchester neighborhoods (Table 5.3). 
Number of Destinations that Respondents Can Walk. Table 5.4 gives the sorted 
results for the number of places survey respondents report that they can walk, whether or 
not they actually do walk to those places. This is in contrast to the number of places that 
they report that they do walk, discussed above. Although age was significantly 
negatively associated in the full data set (Table 5.2), this relationship did not hold in the 
Manchester neighborhoods (Table 5.4). 
Sidewalks were significantly positively associated with the number of 
destinations that respondents report that they can walk in the full data set (Table 5.2), but 
significantly negatively associated in the lower income neighborhoods and not 
significantly associated in Manchester's higher income neighborhoods (Table 5.4). 
Mentioning distance to services was significantly negatively associated with destinations 
respondents can walk in the full data set, a relationship that was also true for the 
Manchester survey residents, but not for the Portsmouth residents (Table 5.4). Maximum 
time willing to walk was significantly, positively associated with the number of types of 
places respondents reported being able to walk in the full data set; however, in the sorted 
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data, this relationship was found to be significant only in the higher income Manchester 
neighborhoods (Table 5.4). 
Frequency of Walking. The first column of Table 5.5 shows the relationships for 
the frequency of walking using the full data set (Table 5.2), with significant values 
(p<0.050) shaded. The other columns, as in Tables 5.3 and 5.4, show the results of the 
same analysis when completed on four subsets of the data, dividing by city and by 
income level. While age was significantly associated with frequency of walking in the 
full data set, the relationship was only found to be significant in the lower income 
neighborhoods in Manchester and upper income neighborhoods in Portsmouth (Table 
5.5). While sidewalks were found to be associated with the frequency of walking in the 
full data set (Table 5.2), this relationship was only found to be significant in the 
Portsmouth higher income neighborhoods, and not in the other groups of neighborhoods. 
Intersections, while significantly related to frequency of walking in the full data set, were 
only significant in the higher income neighborhoods, both Manchester and Portsmouth. 
The maximum time that respondents were willing to walk, significantly associated with 
frequency of walking in the full data set (Table 5.2), was found to be only significantly 
associated with frequency of walking in the Manchester higher income neighborhoods 
(Table 5.5). Frequency of exercise, significantly associated with frequency of walking in 
the unsorted, full data set, was only significantly associated to frequency of walking in 
the higher income Portsmouth neighborhoods. 
Follow Through - (Places respondents "do" walkV(Places respondents "can" 
walk). Finally, we investigated the follow through - a measure of how often residents 
actually walk to the destinations that they perceive are available for walking. Follow 
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through is calculated by dividing the number of places survey respondents report that 
they do walk, by the number of places they report that they can walk. As before, results 
for the analysis on the full data set are summarized in Table 5.2, and in the first column 
of Table 5.6. Results of the analysis on the data sorted into four groups by city and 
income level are shown in remaining columns of Table 5.6. Household income was 
significantly associated with follow through in the full data set, but was significant only 
in the Portsmouth higher income neighborhoods of the sorted data. Intersections, a 
measure of connectivity, was significantly, positively associated to follow through in the 
full data set (Table 5.2), but of the sorted groups was only significant in the Portsmouth 
neighborhoods. Body Mass Index, significantly negatively associated to follow through 
for the full data set (Table 5.2), was only found to be significantly negatively associated 
to follow through in the above median income neighborhoods in Portsmouth and the 
below median income neighborhoods in Manchester (Table 5.6). 
D. Discussion 
A survey of residents of twenty-two different neighborhoods, in two New 
Hampshire cities, asked about both the places respondents do walk and the places that 
they believe they can walk, affording this study the ability to look at both perception and 
reported behavior. Investigating only the places people do walk will not directly assess 
how walkable people perceive their own environments to be. Conversely, investigating 
only the places that people report they can walk, may not help us to understand whether 
they report engaging in more walking behavior according to the walkable design of the 
neighborhood. Examining both these variables, along with the frequency of walking and 
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a composite metric of "follow through" (do divided by can - which indicates the ratio of 
places respondents actually do walk to the places they perceive as being available to 
them), allows a more complete picture of which built environment and social 
characteristics are associated with destination walking and perceived potential for 
destination walking. 
In the full data set, responses from all twenty-two neighborhoods were pooled, 
and many of the variables found to be important in previous studies were significant in 
this analysis. Age decreases the perceived availability of destinations, as well as the 
frequency of walking and the objectively measured, nearby destinations. Sidewalks and 
the maximum amount of time respondents are willing to walk both increase the perceived 
availability of destinations, the actual destinations, and the frequency of walking. 
Respondents who mention that destinations are far walk to fewer places, list fewer places 
as being close enough to walk, and destination walk less often. 
However, the picture indicated by the pooled data set is not the same as that 
presented when neighborhood contexts are investigated more detail. Relationships 
observed in the full data set, even while using multi-level modeling to account for 
similarities within neighborhoods, are not the same as those observed when a subset of 
the data (e.g. just the higher income neighborhoods in one city) is investigated. The most 
glaring example pertains to sidewalks, which are positively related to destination walking 
in the full data set, as well as in the neighborhoods above the median state income. 
However, in the neighborhoods below the median state income, sidewalks showed a 
significant negative correlation with locations residents report they can walk. While it is 
nonsensical to assume that sidewalks themselves discourage walking, there is apparently 
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some other factor that prevents sidewalks from being a positive influence in these 
neighborhoods, such as quality of the sidewalks, perceived lack of safety, speed or 
proximity of traffic, etc. Municipalities wishing to increase walking in these lower 
income neighborhoods may not realize the greatest impact on walking by focusing on 
improvements to sidewalks without further understanding these other neighborhood-
specific factors. 
Connectivity is another oft mentioned characteristic of the built environment that 
reportedly increases neighborhood walking. Although this metric was found in the full 
data set, number of intersections was only significantly associated in the higher income 
neighborhoods of Portsmouth, and not in the other groups of neighborhoods. The 
difficult task of increasing connectivity may not increase the walkability of all 
neighborhoods, without a better understanding of how other contextual factors operate 
with respect to connectivity. 
Community-based participatory research (CBPR) has been shown to be an 
effective method to include a variety of partners in research (Leung et al, 2004; Whyte, 
1991). CBPR may be uniquely suited to identifying neighborhood-specific contextual 
factors, the factors which may be acting upon local resident behavior - including 
residents, police, public health officials, municipal officials, and other local experts in the 
discovery of important factors of walking behavior. 
Limitations. To investigate differences between neighborhood types, a large 
number of neighborhoods need to be surveyed. This leads to a limited number of 
neighborhoods per group, and a limited number of residents per neighborhood (Table 
5.1), as opposed to using all of the data collected as separate data points. Thus, the power 
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to detect significant relationships may suffer. Other limitations include the cross-
sectional design of the study, which does not allow for determination of causal 
relationships, and the reliance on self-reported physical activity and health metrics. 
Residence self-selection, or the decision for people with certain inclinations (e.g. 
preference for walking) to live in certain types of neighborhoods (e.g. more conducive to 
walking) generally plays a part in this type of study (Cao et al, 2006). Portsmouth, for 
instance, is locally understood to be more walkable than Manchester, such that if 
someone was looking for a walkable community, they may prefer to live in Portsmouth. 
However, Portsmouth is also locally understood to be somewhat more expensive than 
most neighborhoods in Manchester, such that finances become part of the equation of 
deciding where to live as well. Personal preference and other personal factors, such as 
finance and employment location, necessarily impact the development style to which an 
individual is exposed. Although these factors are certainly present, the general findings 
of relative differences in neighborhoods would not be impacted. 
There may also be differences in perception of the quality of the neighborhood 
attributes. Researchers attempted to reflect sidewalk functionality in the sidewalk 
variable, for instance lowering the index if sidewalks ended abruptly or were in poor 
condition. However, residents may find these nuances more disruptive in some places 
than in others, a discontinuous sidewalk along a major connecting street may be more 
disruptive than a break along a more minor road. Thus a single index rating 
neighborhood sidewalks may be inadequate to measure the perceived availability of 
sidewalk access. This point underscores the overall conclusions of this research - that 
individual neighborhood needs cannot be easily shoehorned into global boxes. 
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E. Summary and Conclusions 
Concern about the links between built environment and well-being, such as 
physical and mental health, physical activity, social capital, and commuting, has led to 
increased investigation in those links. Data related to health and to the built environment 
is available at municipal, county, and state level. It is tempting, therefore, to use these 
datasets to make broad statements about walkability from statistical analysis of survey 
results across a variety of neighborhood types and locations, and to rely on convenient 
county- or state-level data to understand how the built environment impacts health-
related behaviors. 
If statistical analysis of such data shows that sidewalks are positively associated to 
the number of places survey respondents walk, researchers would like to conclude that 
sidewalks are a significant indicator of an environment in which residents walk, if not a 
direct factor in the decision to walk. However, the real story may be more complicated. 
Statistical analysis of data pooled from many different types of neighborhoods may blur 
relationships that are occurring at the local level. 
Built environment science is a growing interdisciplinary field, drawing heavily 
from civil engineering, public health, behavioral science, statistics, and planning. Each 
new study adds to knowledge in the field and awareness of possible connections and 
interactions between the built environment and human behavior and health. However, as 
the parameters of the field are just beginning to be understood, studies must be careful 
not to gloss over impacts that are occurring at a smaller, more localized scale. Residents 
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and other local experts must, therefore, be considered in assessment and evaluation of 
neighborhood needs. 
These specifics are important as planners and researchers may propose improved 
sidewalks or increased connectivity in an effort to improve neighborhood walkability, 
when this is based on a more generalized relationship and may not hold at the local, 
project level. Neighborhood-specific analysis of what is needed locally, and input from 
residents, is perhaps a better place to start when trying to increase walkability. 
Determining neighborhood-specific needs requires partnerships between researchers and 
local experts. Community-based participatory research may be a valuable framework for 
making these investigations. 
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Figure 5-3: Variety in the respondents' walking destinations in the surveyed 
neighborhoods of Manchester. 
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Table 5.1: Outcome variables analyzed for whole data set 
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Table 5.3: "Do" walk variable, sorted by neighborhood income level and city 

































































































Table 5.4: "Can" walk variable, sorted by neighborhood income level and city 




























































































Table 5.5: "Frequency of Walking" variable, sort by neighborhood income level and city 



































































































Table 5.6: "Follow Through" variable ("Do'VCan"), sorted by neighborhood income 
level and city. 











































































































CONCLUSIONS AND NEXT STEPS 
A. Conclusions 
A.l Results 
Working together with the people for whom the results were intended allowed for 
use of a greater network of contacts for project development and implementation, which 
helped greatly. Involving municipal and regional authorities throughout the project 
increased the chances that results ultimately will be used and will reach residents, and 
resulted in increased communication between the authorities themselves. 
Presence of sidewalks and intersections were found to be mostly strongly 
associated with the number of destinations respondents reported walking. Municipalities 
that would like to increase walking for public health or energy use reduction should 
investigate improving the condition and availability of sidewalks in neighborhoods, 
increasing connectivity of pedestrian ways where possible, and improving safety and 
perceived security at intersections. 
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Age appeared to be the most important demographic factor in decisions to walk, 
more important than self-reported health or income. Helping the elderly, as they age in 
place, to continue to feel secure through improved walking surfaces and walking 
environments could become a focus of municipal programs and initiatives. 
A.2 Contributions 
This project involved development and implementation of a survey instrument to 
investigate individual perception of the built environment and transportation behavior on 
a neighborhood scale. The unique contributions of this project include 
• Development of a method by which smaller cities may investigate local 
transportation behavior influences (Chapter 3); 
• Advancement of understanding of the pathways by which the built environment 
can and does influence transportation behavior on a neighborhood scale through 
development of a feedback schema for the influences on built environment and 
public health (Chapter 4); and 
• Investigation of the unique relationships neighborhoods have with their own built 
environment, and how these relationships might be used to further the 
understanding of how individuals make transportation choices (Chapter 5). 
These contributions advance the interdisciplinary field of sustainability, and the new and 
emerging field of built environment and public health studies (Srinivasan, O'Fallon, and 
Dearry, 2003). 
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B. Next Steps 
The following project components were not completed during the writing of the 
present document, but would form interesting future projects, either for the author of the 
current report or for others. There are numerable other potential projects which could 
follow from the present study, only a selected few are listed here. 
B.l Other metrics of sustainability 
Other metrics of sustainability, such as infrastructure intensity, impervious 
surfaces, employment centers (land use patterns & distribution), and community centers 
(such as from the NHDES dataset) could be compared to those used in the present study. 
An understanding of the most effective metrics of sustainability and how those impact 
local behaviors would help local governments to think more broadly about how to 
integrate sustainability into local plans and actions (YCELP, 2005; ICLEI, 2010). 
B.2 Other modeling techniques 
Multi-Level Structural Equation Modeling (ML-SEM) is a more advanced 
statistical method which may help investigate more detail of behavioral dynamics and 
potential pathways by which factors might influence behavior (Fisher et al, 2004). 
Certainly the results found in the present report, using multi-level analysis, are interesting 
enough to support delving further into more complex statistics. ML-SEM would be the 
natural next step in this direction. 
Agent Based modeling (ABM) may help investigate in more detail which factors 
influence individual behaviors and how (Smith and Conrey, 2007). Combined with a 
behavioral structural model, such as the "stages of change" (Prochaska and Norcross, 
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2001), ABM may help step researchers towards understanding what would be sufficient 
to change behavior - such as increasing the amount of walking for individuals. 
B.3 Concept Mapping 
As presented in the introduction, open-ended Responses that are generally one 
word or phrase can best be analyzed using the concept mapping method described by 
Jackson and Trochim (2002). This method is best for simple statements that contain only 
one concept or can easily be separated into one concept statements. Cqncept mapping of 
open-ended responses would add a deeper understanding of how respondents understand 
their transportation options and how they make decisions. 
B.4 Causality 
Causality is a difficult issue to address, and would require additional data to 
investigate. Data that allows an understanding of temporal distribution changes in land 
use patterns, changes in life style habits, and the impacts of such changes on 
transportation decisions would be instrumental in understanding causality. For instance, 
greater understanding of causality might be approached by administering the survey 
instrument in a previously surveyed neighborhood after changes had been to the built 
environment to understand if those changes actually did impact transportation decisions. 
B.5 Comparison with Other Regions 
Comparing the results from the present study with other local areas 
(Nashua/Keene) and areas that are farther away (city/rural in other parts of the country 
and world) would result in a bigger data set for understanding how the local environment 
impacts behavior and health. A wider geographic spread would help determine which 
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relationships in the current data set are unique to the studied area, and which may be 
more universal. 
B.6 Comparison with Other Datasets 
As with comparing the results with other regions, comparing the results with other 
data sets, such as BRFSS (CDC, 2009b), may allow broader understanding of the 
observed relationships. The benefit of working with existing datasets is the likelihood of 
significantly reduced costs. However, existing datasets would have been collected 
differently, and would not contain all of the same questions that were collected for the 
present study. Comparison across data sets of varying scales is challenging. 
124 
7. WORKS CITED 
Addy, C.L., D.K. Wilson, K.A. Kirtland, B.E. Ainsworth, P. Sharpe, and D. Kimsey. 
(2004). "Associations of perceived social and physical environmental supports 
with physical activity and walking behavior." American Journal of Public Health. 
94(3):440-443. 
Anderson, N.B. (1999). "Foreword." In Self Social Identity, and Physical Health: 
Interdisciplinary Explorations. Edited by R.J. Contrada and R.D. Ashmore. 
Arsenault, B.J., J.S. Rana, J-P. Despres, J.J.P. Kastelein, S.M. Boekholdt, N.J. Wareham, 
and K-T. Khaw. (2010). "Physical inactivity, abdominal obesity and risk of 
coronary heart disease in apparently healthy men and women." International 
Journal of Obesity. 34:340-347. 
Aschengrau, A. and G.R.Seage, III. (2003). Essentials of Epidemiology in Public Health. 
Jones and Bartlett Publishers International. Sudbury, MA. 
Auchincloss, A. and A. Diez Roux. (2008). "A new tool for epidemiology: The 
usefulness of dynamic-agent models in understanding place effects on health." 
American Journal of Epidemiology. 168:1-8. 
Aytur, S.A., D.A. Rodriguez, K.R. Evenson, D.J. Catellier, and W.D. Rosamond. (2007). 
"Promoting active community environments through land use and transportation 
planning." American Journal of Health Promotion. 21(4):397-407. 
Badland, H.M. and,G.M. Schofield. (2005). "The built environment and transport-related 
physical activity: What we do and do not know." Journal of Physical Activity and 
Health. 2:433-442. 
Bagley, M.N. and P.L. Mokhtarian. (2002). "The impact of residential neighborhood type 
on travel behavior: A structural equations modeling approach." The Annals of 
Regional Science. 36:279-297. 
Bassett, D.R., J. Pucher, R. Buehler, D.L. Thompson, and S.E. Crouter. (2008) 
"Walking, cycling, and obesity rates in Europe, North America and Australia." 
Journal of Physical Activity and Health. 5(6): 795-814. 
125 
Belden, Russonello & Stewart. (2004). "2004 American Community Survey: National 
Survey on Communities, Conducted for Smart Growth America and National 
Association of Realtors." Accessed on 17 April 2011. Available at: 
http://www. brspoll.com/Reports/Smart%20Growth.pdf 
Berke, E.M., T.D. Koepsell, A.V. Moudon, R.E. Hoskins, and E.B. Larson. (2007) 
"Association of the built environment with physical activity and obesity in older 
persons." American Journal of Public Health. 97(3):486-492. 
Berrigan, D. and R.A. McKinno. (2008). "Built environment and health." Preventive 
Medicine. 47(3):239-240 
Berthouex, P.M. and L.C. Brown. (1994). Statistics for Environmental Engineers. CRC 
Press, Boca Raton, FL. 
Bhopal, R. and L. Donaldson. (1998) "White, European, Western, Caucasian, or what? 
Inappropriate labeling in research on race, ethnicity, and health." American 
Journal of Public Health. 88(9):1303-1307. 
Bishop, R.C. (1993). "Economic efficiency, sustainability, and biodiversity." Ambio. 
22(2/3):69-73. 
Boer, R., Y. Zheng, A. Overton, G.K. Ridgway, and D.A. Cohen. (2007) "Neighborhood 
design and walking trips in ten U.S. metropolitan areas." American Journal of 
Preventive Medicine. 32(4):298-304. 
Booth, K.M., M.M. Pinkston, and W.S.C. Poston, (2005). "Obesity and the built 
environment." Journal of the American Dietetic Association. 105(5,S1):S110-
S117. 
Bostock, L. (2001). "Pathways of disadvantage? Walking as a mode of transport among 
low-income mothers." Health and Social Care in the Community. 9(1): 11-18. 
Braun, B. (1998). "Knowledge and perception of fall-related risk factors and fall-
reduction techniques among community-dwelling elderly individuals." Physical 
Therapy. 78(12):1262-1276. 
Brennan, C. and C. Hoene. (2003). "Research brief on America's cities: Demographic 
change in small cities 1990 - 2000." National League of Cities. Washington, DC. 
Issue 2000-3. 
Brisbon, N., J. Plumb, R. Brawer, and D. Paxman. (2005). "The asthma and obesity 
epidemics: The role played by the built environment - A Public Health 
Perspective." Journal of Allergy and Clinical Immunology. 115:1024-1028 
126 
Brownson, R.C., J.J. Change, A.A. Eyler, B.E. Ainsworth, K.A. Kirtland, B.E. Saelens, 
and J.F. Sallis. (2004). "Measuring the environment for friendliness toward 
physical activity: A comparison of the reliability of 3 questionnaires." American 
Journal of Public Health. 94(3):473-483. 
Burden, D. (1999). "Street design guidelines for healthy neighborhoods." TRB Circular 
E-C019: Urban Street Symposium, Dallas Texas. 
Cao, X., S.L. Handy, and P.L. Mokhtarian. (2006). "The influences of the built 
environment and residential self-selection on pedestrian behavior: Evidence from 
Austin, TX." Transportation. 33:1-20. 
Casti, J.L. (1986). "On system complexity: Identification, measurement, and 
management." In Casti, J.L. and A. Karlquist (editors). Complexity, Language, 
and Life: Mathematical Approaches. Springer-Verlag, Berlin, Germany. 
Center for Disease Control (CDC) (2009a). "Healthy Weight - it's not a diet, it's a 
lifestyle!" http://www xdc.gov/healths weight/assessing/index Jitml. Accessed 9 
June 2010. 
Center for Disease Control (CDC) (2009b). "BRFSS: Turning information into health." 
http://www.cdc.gov/BRFSS/. Accessed 8 July 2010. 
Center for Disease Control (CDC). (2010). "CDC recommendations for improving health 
through transportation policy." Available on-line at: 
http://w^w^^.cdc.gov/transportation/default.htm. Accessed 16 Sept 2010. 
Centers for Disease Control and Prevention, CDC. (2011) "U.S. obesity trends: Trends by 
state 1985 to 2009." Updated March 2011. Accessed on 1 April 2011. 
http^/ww^w.cdc.gov/obesity/data/trends.html 
Cervero, R. and M. Hansen. (2002) "Induced travel demand and induced road 
investment: A simultaneous equation analysis." Journal of Transport Economics 
and Policy. 36(3):469-490. 
Cervero, R. and M. Duncan. (2003). "Walking, bicycling, and urban landscapes: 
Evidence from the San Francisco Bay Area." American Journal of Public Health. 
93(9):1478-1493. 
City of Portsmouth. (2008). City of Portsmouth Community Newsletter. Issue 68, 
February. http://vAvw.cityofportsmouth.com/newsletter/archives.htm. Accessed 
30 August 2010. 
Clark, W.C. and N.M. Dickson. (2003). "Sustainability science: The emerging research 
program." PNAS. 100(14):8059-8061. 
127 
Cook, C , F. Heath, and R.L.Thompson. (2000) "Meta-analysis of response rates in web-
or internet-based surveys." Educational and Psychological Measurement. 60:821-
836. 
Costanza, R. and B.C. Patten. (1995). "Defining and predicting sustainability." 
Ecological Economics. 15(3):193-196. 
Dannenberg, A. L., R. J. Jackson, H. Frumkin, R. A. Schieber, M. Pratt, C. Kochtitzky, 
and H. H. Tilson. (2003). "The impact of community design and land-use choices 
on public health: A scientific research agenda." American Journal of Public 
Health. 93(9):1500-1508. 
Des Jarlais D.C., C. Lyles, N. Crepaz, et al; TREND Group. (2004). Improving the 
reporting quality of nonrandomized evaluations of behavioral and public health 
interventions: The TREND Statement. AJPH. 94:361-366. 
Durbin, R. (1998). "Spatial autocorrelation: A primer." Journal of Housing Economics. 
7:304-327. 
Edwards, P., I. Roberts, M. Clarke, C. DiGuiseppi, S. Pratap, R. Wentz, and I. Kwan. 
(2002). "Increasing response rates to postal questionnaires: a systematic review." 
BMJ. 324:1-9. 
Ewing, R. and R.Cervero. (2001). "Travel and the built environment: A synthesis." 
Paper No. 01-3515. Transportation Research Record. 1780: 87-114. 
Ewing, R., R. Pendall and D. Chen. (2003). "Measuring sprawl and its transportation 
impacts." Paper No. 03-4195. Transportation Research Record. 1831:175-183. 
Ewing, R., K. Bartholomew, S. Winkelman, J. Walters, and D. Chen. (2007). Growing 
Cooler: The Evidence on Urban Development and Climate Change. Washington 
D.C. Urban Land Institute. 
Eyler, A.A., R.C. Brownson, S.J. Bacak, and R.A. Housemann. (2003). "The 
Epidemiology of Walking for Physical Activity in the United States." Medicine & 
Science in Sports & Exercise. 35(9): 1529-1536. 
Federal Highway Administration, US Department of Transportation. (2010a) "Vehicle 
Registrations, Fuel Consumption, and Vehicle Miles of Travel as Indices." 
Accessed on 17 April 2011. Available at: 
http://wvv^w.fliwa.dot.gov/policy/ohim/hs05/htm/mvfvm.htm. 
Federal Highway Administration, US Department of Transportation. (2010b) "Traffic 
Volume Trends." Accessed on 17 April 2011. Available at: 
http://wavw.fhwa.dot.gov/ohim/tvtw/tvtpage.cfm 
128 
Federal Register. (2008). "State Median Income Estimate for a Four-Person Family: 
Notice of the Federal Fiscal Year (FFY) 2009 State Median Income Estimates for 
Use Under the Low Income Home Energy Assistance Program (LIHEAP)." 
Federal Register. Notice by the Children and Families Administration. 5 March 




Feinstein, J. S. (1993). "The relationship between socioeconomic status and health: A 
review of the literature." The Milbank Quarterly. 71(2):279-322. 
Fisher, K.J. and F. Li. (2004) "A community-based walking trial to improve 
neighborhood quality of life in older adults: A multilevel analysis." Annals of 
Behavioral Medicine. 28(3): 186-194. 
Fisher, K.J., F. Li, Y. Michael, and M. Cleveland. "Neighborhood-level influences on 
physical activity among older adults: a multilevel analysis." Journal of Aging and 
Physical Activity. 12(l):45-63. 
Flegal, K.M., M.D. Carroll, C.L. Ogden, and L.R. Curtin. (2010). "Prevalence and trends 
in obesity among US adults 1999-2008." Journal of the American Medical 
Association. 303(3):235-241. 
Folke, C. (2006). "Resilience: The emergence of a perspective for social-ecological 
systems analyses." Global Environmental Change. 16:253-267'. 
Fox, R.J., M.R. Crask, and J. Kim. (1988) "A meta-analysis of selected techniques for 
inducing response." Public Opinion Quarterly. 52(4):467-491. 
Frank, L.D. and P.O. Engelke. (2001). "The built environment and human activity 
patterns: Exploring the impacts of urban form on public health." Journal of 
Planning Literature. 16(202):202-218. 
Frank, L.D., M.A. Andresen, and T.L. Schmid. (2004). "Obesity relationships with 
community design, physical activity and time spent in cars." American Journal of 
Preventative Medicine. 27:2. 
Frank, L.D. and P. Engelke. (2005). "Multiple impacts of the built environment on public 
health: Walkable places and the exposure to air pollution." International Regional 
Science Review. 28(2):193-216. 
Frank, L.D., J.F. Sallis, T.L. Conway, J.E. Chapman, B.E. Saelens, and W. Bachman. 
(2006). "Many pathways from land use to health: Associations between 
neighborhood walkability and active transportation, body mass index, and air 
quality." Journal of the American Planning Association. 72(l):75-87. 
129 
Gardner, G. and B. Halweil. (2000) "Underfed and overfed: the global epidemic of 
malnutrition." Worldwatch Institute. Paper No. 150. Washington D.C. 
Geraghty, A.B., W. Seifert, T. Preston, C.V. Holm, T.H. Duarte, and S.M. Farrar. (2009). 
"Partnership moves community toward complete streets." American Journal of 
Preventive Medicine. 37(6S2):S420-S427. 
Gerdtham, U. (1997). "Equity in health care utilization: Further tests based on hurdle 
model and Swedish micro data." Health Economics. 6:303-319 
Gordon-Larsen, P., M.C. Nelson, P. Page, and B.M. Popkin. (2006). "Inequality in the 
built environment underlies key health disparities in physical activity and 
obesity." Pediatrics. 117:417-424. 
Hadorn, G.H., D. Bradley, C. Pohl, S. Rist, and U. Wiesmann. (2006). "Implications of 
transdisciplinarity for sustainability research." Ecological Economics. 60:119-
128. 
Hallal, P.C, M.R. Azevedo, F.F. Reichert, F.V. Siqueira, C.L. Araujo, and C.G. Victora. 
(2005). "Who, when, and how much? Epidemiology of walking in a middle-
income country." American Journal of Preventative Medicine. 28(2):156-161. 
Handy, S.L. and K.J. Clifton. (2001). "Local shopping as a strategy for reducing 
automobile travel." Transportation. 28:317-346. 
Handy, S.L., M.G. Boarnet, R.E. Ewing, and R.E. Killingsworth. (2002). "How the built 
environment affects physical activity: Views from urban planning." American 
Journal of Preventative Medicine. 23(2S):64-73. 
Handy, S., X. Cao, and P.L. Mokhtarian. (2006). "Self-selection in the relationship 
between the built environment and walking: Empirical evidence from Northern 
California." Journal of the American Planning Association. 72(l):55-74. 
Heckman, J.J. and J.A. Smith. (1995). "Assessing the case for social experiments." 
Journal for Economic Perspectives. 9(2):85-l 10. 
Heinrich, K.M, R.E. Lee, G.R. Regan, J.Y. Reese-Smith, H.H. Howard, K.H. Haddock, 
W.S.C. Poston, and J.S. Ahluwalia. (2008). "How does the built environment 
relate to body mass index and obesity prevalence among public housing 
residents?" American Journal of Health Promotion', 22(3):187-194. 
Hilden, M. and U. Rosenstrom. (2008). "The use of indicators for sustainable 
development." Sustainable Development. 16:237-240. 
Hill, J.O. (2006). "Understanding and addressing the epidemic of obesity: An energy 
balance perspective." Endocrine Reviews. 27(7):750-761. 
130 
Hinde, S. and J. Dixon. (2004). "Changing the obesogenic environment: Insights from a 
cultural economy of car reliance." Transportation Research Part D: Transport 
and Environment. 10(l):31-53. 
Hoehner, CM., L.K. Brennan, M.E. Elliott, S.L. Handy, and R.C Brownson. (2005). 
"Perceived and objective environmental measures and physical activity among 
urban adults." American Journal of Preventive Medicine. 28(2S2):105-116. 
Hoover, D. (2005). "Design and analysis of group (or neighborhood) level urban studies." 
Handbook of Urban Health. Galea, S. and Vlahov, D. Eds. Springer, New York, 
NY. p283. 
Hruschka, D.J. et al. (2004). "Reliability in coding open-ended data: Lessons learned 
from HIV behavioral research." Field Methods. 16:307. 
I.CL.E.I. Local Governments for Sustainability. (2010). "Sustainability goals and 
guiding principles: Star community index." Accessed on 21 April 2011. 
Available from: http://www.icleiusa.org/programs/sustainability/star-community-
index/star-goals-and-guiding-principles 
Jackson, K.M. and W.M.K. Trochim. (2002). "Concept mapping as an alternative 
approach for the analysis of open-ended reponses." Organizational Research 
Methods. v5. p307-336. 
Jackson, R.J. (2003). "The impact of the built environment on health: An emerging 
field." Editorial for Special Issue. American Journal of Public Health. 
93(9):1382-1384. 
Jacobsen, P.L. (2003). "Safety in numbers: more walkers and bicyclists, safer walking 
and biking." Injury Prevention. 9:205-209. 
James, S. and T.Lahti. (2004). The Natural Step for Communities: How Cities and Towns 
can Change to Sustainable Practices. New Society Publishers, British Columbia, 
Canada. 
Kansas State University (KSU). (2010). "Low-income women living in small cities have 
higher chance of obesity, study finds." ScienceDaily. 9 March 2010. Accessed on 
6 July 2010. Available at: 
http://www.sciencedaily.com/releases/2010/03/100309111641 .htm 
Kates, R. (2000). "Sustainability Science." World Academies Conference Transition to 
Sustainability in the 21st Century. Tokyo, Japan 
Kerr, J., L. Frank, J.F. Sallis, and J. Chapman. (2007) "Urban form correlates of 
pedestrian travel in youth: Differences by gender, race-ethnicity and household 
attributes." Transportation Research Part D: Transport and Environment. 
12(3):177-182. 
131 
Krieger, N., J.T. Chen, P.D. Waterman, M-J. Soobader, S.V. Subramanian, and R. 
Carson. (2002). "Geocoding and Monitoring of US Socioeconomic Inequalities in 
Mortality and Cancer Incidence: Does the Choice of Area-based Measure and 
Geographic Level Matter?" American Journal of Epidemiology. 156:471-482. 
Krieger, J. and D.L. Higgins. (2002). "Housing and Health: Time again for public health 
action." American Journal of Public Health. 92(5):758-768. 
Krizek, K.J. (2003). "Residential Relocation and Changes in Urban Travel: Does 
Neighborhood-Scale Urban Form Matter?" Journal of the American Planning 
Association. 69(3):265-281. 
Leslie, E., B. Saelens, L. Frank, N. Owen, A. Bauman, N. Coffee, and G. Hugo. (2005). 
"Residents' perceptions of walkability attributes in objectively different 
neighborhoods: a pilot study." Health & Place. 11:227-236. 
Leung, M.W., I. Yen, and M. Minkler. (2004). "Community-based participatory research: 
a promising approach for increasing epidemiology's relevance in the 21s t 
century." International Journal of Epidemiology. 33:499-506. 
Leyden, K.M. (2003). "Social capital and the built environment: The importance of 
walkable neighborhoods." American Journal of Public Health. 93(9): 1546-1551. 
Li, F., K.J. Fisher, R.C Brownson, and M. Bosworth. (2005). "Multilevel modeling of 
built environment characteristics related to neighborhood walking activity in older 
adults." Journal of Epidemiol Community Health. 59:558-564. 
Macera C.A., S.A. Ham, M.M. Yore, D.A. Jones, B.E. Ainsworth, C D . Kimsey, and 
H.W. Kohl. (2005) "Prevalence of physical activity in the United States: 
Behavioral Risk Factor Surveillance System, 2001." Preventing Chronic Disease. 
2(2):1-10. 
MacGillis, A. (2010). "Funding rules fuel clash within transit world." Washington Post. 
11 June 2010. 
Manchester Area Health Care Charitable Trust (MAHCCT). (2009). "Believe in a 
Healthy Community: Greater Manchester Community Needs Assessment 2009." 
Accessed on 6 July 2010. Available at: 
www.manchesternh.gov/website/Departments/Health/DataandReports/tabid/700/ 
Default.aspx 
Mayo Clinic. (2011). "Walking: Trim your waistline, improve your health." Accessed on 
17 April 2011 .Available at: http://www.mayoclinic.com/health/walking/HQO 1612 
McCormack, G.R., B. Giles-Corti, and M. Bulsara. (2008). "The relationship between 
destination proximity, destination mix and physical activity behaviors." 
Preventive Medicine. 46:33-40. 
132 
McGinn, A.P., K.R. Evenson, A.H. Herring, S.L. Huston, and D.A. Rodriguez. (2007). 
"Exploring associations between physical activity and perceived and objective 
measures of the built environment." Journal of Urban Health. 84(2):162-184. 
Meadows, D.H., D.L. Meadows, and J. Randers. (1992). Beyond the limits: Confronting 
global collapse envisioning a sustainable future. Chelsea Green Publishing 
Company, White River Junction, Vermont. 
Morland, K. (2002). "Neighborhood Characteristics Associated with the Location of 
Food Stores and Food Service Places." American Journal of Preventive Medicine. 
v22:l,p23-29. 
Naes, T. and B-H. Mevik. (2001). "Understanding the collinearity problem in regression 
and discriminant analysis." Journal ofChemometrics. 15:413-426. 
Newman, P. and J. Kenworthy. (1999). Sustainability and Cities: Overcoming 
Automobile Dependence. Island Press. Washington, D.C 
New Hampshire Department of Health and Human Services (NHDHHS). (2011). "2011 
New Hampshire State Health Profile." Accessed on 3 May 2011. Available at: 
http://wwrw.dhhs.nh.gov/dphs/documents/201 lstatehealthprofile.pdf 
Northridge, M.E., E.D. Sclar, and P. Biswas. (2003). "Sorting out the connections 
between the built environment and health: A conceptual framework for navigating 
pathways and planning healthy cities." Journal of Urban Health. 80(4):556-568. 
O'Brien, R.M. (2007). "A caution regarding rules of thumb for variance inflation 
factors." Quality and Quantity. 41:673-690. 
Oakes, J.M. (2004). "The (mis) estimation of neighborhood effects: causal inference for a 
practicable social epidemiology." Social Science and Medicine. 58:1929-1952. 
Owen, N., N. Humpel, E. Leslie, A. Bauman, and J.F. Sallis. (2004). "Understanding 
environmental influences on walking: Review and research agenda." American 
Journal of Preventive Medicine. 27(l):67-76. 
Paffenbarger, R.S., R.T. Hyde, C-C Hsieh, and A.L. Wing. (1986). "Physical activity, 
other life-style patterns, cardiovascular disease and longevity. " Journal of 
Internal Medicine. 220(S711):85-91. 
Paffenbarger, R.S. and I-M. Lee. (1996). "Physical activity and fitness for health and 
longevity." Research Quarterly for Exercise and Sport. 67(n3, suppl):l 1-28. 
133 
Pate, R.R., M. Pratt, S.N. Blair, W.L. Haskell, C.A. Macera, C Bouchard, D. Buchner, 
W. Ettinger, G.W. Heath, A.C King, A. Kriska, A.S. Leon, B.H. Marcus, J. 
Morris, R.S. Paffenbarger, K. Patrick, M.L. Pollock, J.M. Rippe, J. Sallis, and 
J.H. Wilmore. (1995). "Physical activity and public health: A recommendation 
from the Centers for Disease Control and Prevention and the American College of 
Sports Medicine." Journal of the American Medical Association. 273(5):402-407. 
Pawlowski, A. (2007). "How many dimensions does sustainable development have?" 
Sustainable Development. 16(2):81-90. 
Pitkin, J. and D. Myers. (2008). "U.S. Housing Trends: Generational Changes and the 
Outlook to 2050." Transportation Research Board Special Report 298. 
Prochaska, J.O. and J.C Norcross. (2001). "Stages of Change." Psychotherapy: Theory, 
Research, Practice, Training. 38(4):443-448. 
Pucher, J. and L. Dijkstra. (2003). "Promoting safe walking and cycling to improve 
public health: Lessons from the Netherlands and Germany." American Journal of 
Public Health. 93(9):1509-1516. 
Putnum, R. (2000). Bowling Alone: The Collapse and Revival of American Community. 
Simon & Schuster, New York. 
Qi, Y. and J. Wu. (1996). "Effects of changing spatial resolution on the results of 
landscape pattern analysis using spatial autocorrelation indices." Landscape 
Ecology. ll(l):39-49. 
Rabe-Hesketh, S. and A. Skrondal. (2005). Multilevel and Longitudinal Modeling Using 
Stata. Stata Press, College Station, Texas. 
Rajamani, J., CR. Bhat, S. Handy, G. Knaap, and Y. Song. (2003). "Assessing impact of 
urban form measures on non-work trip mode choice after controlling for 
demographic and level-of-service effects." Transportation Research Record. 
1831(PaperNo. 03-3392):158-165. 
Rasbash, J. (2008). "Multilevel Modelling Course, Module 4: Multilevel structures and 
classifications." Centre for Multilevel Modelling. University of Bristol, Bristol, 
UK. 
Reid, W.V., D. Chen, L. Goldfarb, H. Hackmann, Y.T. Lee, K. Mokhele, E. Ostrom, K. 
Raivio, J. Rockstrom, H.J. Schellnhuber, and A. Whyte. (2010). "Earth System 
Science for Global Sustainability: Grand Challenges." Science. 330(6006):916-
917. 
Rodriguez, D.A., S. Aytur, A. Forsyth, J.M. Oakes, and K.J. Clifton. (2008) "Relation of 
modifiable neighborhood attributes to walking." Preventive Medicine. 47:260-
264. 
134 
Rogers, S.H., J.M. Halstead, K.H. Gardner, and CH. Carlson. (2010). "Examining 
Walkability and Social Capital as Indicators of Quality of Life at the Municipal 
and Neighborhood Scales." Applied Research in Quality of Life. Online First: 27 
October 2010. 
Ross, C.E., and C.-L. Wu. (1996). "Education, Age, and the Cumulative Advantage in 
Health." Journal of Health and Social Behavior. 37:104-120. 
Rutt, C D . and K.J. Coleman. (2005). "Examining the Relationships among Built 
Environment, Physical Activity, and Body Mass Index in El Paso, TX." 
Preventive Medicine. 40:831-841. 
Samarati, P. and L. Sweeney. (1998). "Protecting Privacy when Disclosing Information: 
k-Anonymity and Its Enforcement through Generalization and Suppression." 
Technical Report SRI-CSL-98-04. Computer Science Laboratory, SRI 
International. 
Saelens, B.E., J.F. Sallis, and L.D. Frank. (2003). "Environmental Correlates of Walking 
and Cycling: Findings from the Transportation, Urban Design, and Planning 
Literatures." Annals of Behavioral Medicine. 25(2):80-90. 
Saelens, B.E., J.F. Sallis, J.B. Black, and D. Chen. (2003) "Neighborhood-Based 
Differences in Physical Activity: An Environment Scale Evaluation." American 
Journal of Public Health. 93(9):1552-1558. 
Salinsky, E. and W. Scott. (2003). "Obesity in America: A Growing Threat." National 
Health Policy Forum Background Paper. George Washington University. 
Washington D.C 
Sallis, J. F. and K. Glanz. (2006). "The role of built environments in physical activity, 
eating, and obesity in childhood." The Future of Children. 16(1):89-108. 
Samimi, A., A. Mohammadian, and S. Madanizadeh. (2008). "Effects of Transportation 
and Built Environment on General Health and Obesity." Transportation Research 
PartD. 14:67-70. 
Schweitzer, M., L. Gilpin, and S. Frampton. (2004). "Healing Spaces: Elements of 
Environmental Design that make an impact on health." Journal of Alternative and 
Complementary Medicine. 10(supl):71-83. 
Scott-Samuel, A. (1997). "Assessing how public policy impacts on health." Healthlines. 
47:15-17. As quoted in Scott-Samuel, A. (1998) "Health Impact Assessment -
Theory into Practice." Journal of Epidemiology and Community Health. 52:704-
705. 
Shay, E., Y. Fan, D.A. Rodriguez, and A.J. Khattak. (2006). "Drive or Walk? Utilitarian 
Trips within a Neotraditional Neighborhood. Transportation Research Record. 
1985:154-161. " 
135 
Siegel, P.Z., R.M. Brackbill, and G.W. Heath. (1995). "The epidemiology of walking for 
exercise: Implications for promoting activity among sedentary groups." Public 
Health Briefs. 85(5):706-710. 
Smith, E.R. and F.R. Conrey. (2007). "Agent-based modeling: A new approach for 
theory building in social psychology." Personality and Social Psychology Review. 
11(1):87-104. 
Snijders, T. and R. Bosker (1999). Multilevel Analysis. Sage Publications, Thousand 
Oaks, California. 
Southern New Hampshire Area Health Education Center (SNHA-HEC). (2008). 
"Foreign Language Medical and Legal Interpretation." Accessed on 9 June 2010. 
Available at: http://www.snhahec.org/flmi.cfm. 
Southworth, M. and P.M. Owens. (1993). "The Evolving Metropolis: Studies of 
Community, Neighborhood, and Street Form at the Urban Edge." Journal of the 
American Planning Association. 59(3): 271-287. 
Srinivasan, S. L.R. O'Fallon and A. Dearry. (2003). "Creating Healthy Communities, 
Healthy Homes, Healthy People: Initiating a Research Agenda on the Built 
Environment and Public Health." American Journal of Public Health. 93:1446-
1450. 
Steele, F. (2008). "Multilevel Modelling Course, Module 5: Introduction to Multilevel 
Modelling Concepts." Centre for Multilevel Modelling. University of Bristol, 
Bristol, UK. 
Steele, J., L. Bourke, A.E. Luloff, P. Liao, G.L. Theodori, and R.S. Krannich. (2001). 
"The Drop-Off/Pick-Up Method for Household Survey Research." Community 
Development. 32(2):238-250. 
Susser, M. and E. Susser. (1996). Choosing a Future for Epidemiology: II. From a Black 
Box to Chinese Boxes and Eco-Epidemiology. American Journal of Public 
Health. 86(5):674-677. 
Transportation Research Board (TRB)/Institute of Medicine of the National Academies. 
Committee on Physical Activity, Health, Transportation, and Land Use. (2005). 
"Does the Built Environment Influence Physical Activity: Examining the 
Evidence." Transportation Research Board Special Report 282. Washington, 
D.C. 
Troped, P.J, R.P. Saunders, R.R. Pate, B. Reininger, and C.L. Addy. (2003). "Correlates 
of Recreational and Transportation Physical Activity among Adults in a New 
England Community." Preventive Medicine. 37:304-310. 
United Nations World Commission on Environment and Development (UNWCED). 
(1987). Our Common Future. Oxford University Press, Oxford. 
136 
U.S. Census Bureau. (2010). "Demographic Profiles." Accessed on 30 August 2010. 
Available at: http://censtats.census.gov/pub/Profiles.shtml. 
U.S. Census Bureau Data. (2010). "United States Population Growth, 1960-2000." 
Accessed on 17 April 2011. Available at: 
http://www.censusscope.org/us/chart popl.html 
U.S. Department of Transportation. (1995). American Travel Survey. USDOT, Research 
and Innovative Technology ^Administration (RITA). Washington, DC. 
U.S. Green Building Council (USBGC). (2009). LEED Reference Guide for Green 
Neighborhood Development. USGBC, Washington, D.C 
Vance, C and R. Hedel. (2007) "The impact of urban form on automobile travel: 
disentangling causation from correlation." Transportation. 34:575-588. 
Victoria Transport Policy Institute (VTPI). (2010) "New Urbanism: Clustered, Mixed 
Use, Multi-Modal Neighborhood Design." TDM Encyclopedia. 
http://www.vtpi.org/tdm/tdm24.htm Accessed 16 August 2010. 
Wang, S.S. and K.D. Brownell. (2005). "Public Policy and Obesity: The need to marry 
science with advocacy." Psychiatric Clinics of North America. 28:235-252. 
Wardle, J. and J. Griffith. (2001). "Socioeconomic Status and Weight Control Practices 
in British Adults." J. Epidemiol Community Health. v55. pi85-190. 
Wears, R.L. (2002). "Advanced statistics: Statistical methods for analyzing cluster and 
cluster-randomized data." Academic Emergency Medicine. 9(4):330-341. 
Weiss, D.R. et al. (2007). "Five-year predictors of physical activity decline among adults 
in low-income communities: A prospective study." International Journal of 
Behavioral Nutrition and Physical Activity. 4:2. 
Whitford, J. (2006). "Definition of sustainable planning principles - Community Energy 
Plan Action Area 6: City of Yellowknife Community Energy Planning 
Committee." JW Project #:1010784. 
Whyte, W.F. (1991). Participatory Action Research. Sage Publications, Thousand Oaks, 
California. 
Wirtz, P. and G. Ries. (1992). "The Pace of Life - Reanalysed: Why does walking speed 
of pedestrians correlate with city size." Behaviour. 123(l/2):77-83. 
World Health Organization (WHO) Regional Office for Europe. (1999). "Gothenburg 
Consensus Paper 1999, Health Impact Assessment: Main Concepts and Suggested 
Approach." Brussels. 
137 
World Health Organization (WHO). (2000) "Obesity: Preventing and Managing the 
Global Epidemic." WHO Technical Report Series. Paper No. 894. Geneva. 
World Health Organization (WHO). (2011) "Obesity and overweight." WHO Media 
Centre. Fact Sheet No. 311. Updated March 2011. Accessed on 30 March 2011. 
Available at: http://www.who.int/mediacentre/factsheets/fs311 /en/index.html 
Wilkinson, P., K.R. Smith, S. Beevers, C Tonne, and T. Oreszczyn. (2007). "Energy, 
energy efficiency, and the built environment." The Lancet. Energy and Health 
Series. 4:42-54. 
Winkleby, M.A. et al. (2006). "Pathways by which SES and Ethnicity Influence 
Cardiovascular Disease Risk Factors." Annals of the New York Academy of 
Sciences. V896: Socioeconomic Status and Health in Industrial Nations: Social 
Psychological, and Biological Pathways. pl91-209. 
Yale Center for Environmental Law and Policy, YCELP (2005). "2005 Environmental 









, A UNIVERSITY of 
NEW HAMPSHIRE 
140 
Dear New Hampshire Resident, 
You are invited to participate in a research project that is studying community, health, 
transportation, and the environment in New Hampshire. This project is being conducted 
by Dr. Kevin Gardner, an associate professor in the Department of Civil and 
Environmental Engineering at the University of New Hampshire. This survey has been 
approved by the UNH Institutional Review Board (IRB) for the Protection of Human 
Subjects in Research. 
* The actual survey is confidential and will take approximately 15 minutes to complete. 
Your participation is purely voluntary and you are free to withdraw your consent and 
discontinue participation at any time. Only a household member over the age of 18 
should answer the survey. 
*Because you are part of a small group of residents being surveyed we truly appreciate 
your time and input. Additionally, as a thank you for your participation you can 
choose to be entered in a raffle to win one of several $100 pre-paid gift cards. 
*lf at any time you have questions or concerns about any procedure in this project, you 
may call 603-862-4334 to speak with the investigator or you may e-mail graduate 
research assistant Shannon Rogers at shrogers@unh.edu. You can also request a 
summary of the findings. If you have questions about your rights as a research subject, 
you may contact Julie Simpson in UNH Office of Sponsored Research, 603-862-2003 or 
julie.simpson@unh.edu 




Dr. Kevin H. Gardner 
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The first set of questions is meant to get a sense of your neighborhood and community. 
1= On a scale from 1 to 5, how convenient is it for you to do the following things in 
the neighborhood in which you live? (1 is very convenient, 5 is very inconvenient). 








2 3 4 5 
(very 
inconvenient) 
2. What street do you live on? 
In the table below please place a check next to all the locations you can walk to in 
the community in which you live. In the second column, please place a check 

















None of the above, it is 
hard to get anywhere 
without a car 
Other, please 
specify 
I Can walk to: I Do walk to: 
-3" 
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Assume you were going to walk to one of the locations listed on the previous 
page. What would you consider a maximum acceptable distance in minutes? 
m i n utes 
4. What affects your decision to walk to different locations within your 





Presence of Sidewalk 
Distance to Destination 
Convenience of Driving 
Inconvenience of Walking 
Other (please specify) 
5. How many total vehicles are owned and used by members of your household? 
vehicles 
6. How many total bicycles are owned and used by members of your household? 
bicycles 
7. How often do you ride a bike to get places in your community? (Circle one 
choice) 
Everyday 
Several times per week 
Once a week 
Once a month 
Every couple of months 






8. How often do you walk to get places in your community? (Circle one choice) 
Everyday 
Several times per week 
Once a week 
Once a month 
Every couple of months 
Once a year 
Never 
Don't know 
9. Do you work outside the home? (Circle one choice) 
Yes 
No (if no, please skip to question 13) 
10. Approximately how many miles away from your home is your place of work? 
miles 







Other (please specify) 
12. On average, how long (in minutes) does it take you to commute to work? 
m i n utes 
5 





I look for new 
ways to save 
energy in my 
daily life 















14a. Are there things that could be done to make you more likely to walk in your 
neighborhood? 
14b. Assume you were able to live in any type of neighborhood you would like to. 
Please describe what that would be, in general. 
15. Generally speaking, would you say that most people can be trusted 
can't be too careful in dealing with people? (Circle one choice) 
People can be trusted 




or that you 
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16. Please indicate the level of trust you have for the groups listed in the first 
column. Check just one box for each group. 
People in your 
neighborhood 
Police in your 
community 
People who 





















not at all 
Don't 
know 
17. How interested are you in politics and national affairs? (Please circle one) 
Very interested 
Somewhat interested 
Only slightly interested 
Not at all interested 
Don't know 
18. Are you currently registered to vote? (Please circle one) 
Yes 
No 




19. Please check yes or no to indicate whether you have done the activities 
detailed in the box below in the last 12 months. If you can, please approximate 
the number of times you did each activity in the last 12 months. 
Worked on a community project 
Donated blood 
Attended any public meeting in 
which there was a discussion of 
town or school affairs 
Attended a political meeting or 
rally 
Attended any club or 
organizational meeting (not 
including meetings for work) 
Had friends over to your home 
Been in the home of a friend of a 
different race or ethnicity or had 
them in your home 
Been in the home of someone of 
a different neighborhood or had 
them in your home 
Been in the home of someone 
you consider to be a community 
leader or had one in your home 
Volunteered 
Meet friends outside of the home 
Yes No Approximate 
number of times in 
last 12 months 
8 
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20. Thinking POLITICALLY AND SOCIALLY, how would 







Other (please specify) 
you describe your own 
21a. During the past MONTH, other than your regular job, did you participate in 
any physical activities or exercises such as running, calisthenics, golf, gardening, 
or walking for exercise? (Please circle one choice) 
Yes No Don't Know 
21b, About how many times per WEEK do you engage in 
exercises for more than 15 consecutive minutes? 
22. In the past 12 months, have you served as an officer 
of any local club or organization? (Please circle one) 
Yes No Don't know 
physical activities or 
times 
or served on a committee 
23. Not including weddings and funerals, how often do you attend religious 
services? (Please circle one) 
Every week (or more often) 
Almost every week 
Once or twice a month 
A few times per year 
Less often than that 
Never 
Don't know 
Prefer not to answer 
9 
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24. People and families contribute money, property, or other assets for a wide 
variety of charitable purposes. During the past 12 months, approximately how 
much money did you and the other family members in your household contribute 
to all non-religious and all religious causes, including your religious 
congregation? (Please circle one) 
None 
Less than $100 
$100 to less than $500 
$500 to less than $1000 
$1000 to less than $5000 
More than $5000 
Don't know 
25. All things considered, would you say that you are. 
Very happy 
Happy 
Not very happy 
Not happy at all 
Don't know 
. (Please circle one) 










27. Please respond to the following statement: 






Neither/depends Please explain 
28. What is your employment status? (Please < 
Working 







29. What is the highest grade of school or yea 
(Please circle one) 
Less than high school (Grade 11 or less) 
High school diploma (including GED) 
Some college 
Television is my primary form of 
circle one) 
r of college you have 
Associate degree (2 year) or specialized technical training 
Bachelor's degree 
Some graduate training 










31. What is your race? (Please circle as many as necessary) 
White 
Black, African American, or Negro 












32. If added together, the yearly incomes, before taxes, of all members of your 
household for the last year, what would the total be? (Please circle one) 
Less than $10,000 
$10,000 to $14,999 
$15,000 to $24,999 
$25,000 to $34,999 
$35,000 to $49,999 
$50,000 to $74,999 
$75,000 to 99,999 
$100,000 to $149,999 
$150,000 to $199,999 
$200,000 or more 
12 
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Part of a civil union 
Never married 
34. How many people live in your household? 
people 
35. How many children, aged 17 or younger, live in 
people 
36. Do you or your family own the place where you 




Other (please specify) 




38. What year were you born? 





are living now or do you rent? 
in your current location? 
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40a. About how much do you weigh without shoes? pounds 
40b. About how tall are you without shoes? feet inches 
41. Have you EVER been told by a doctor, nurse or other health professional that 
your blood cholesterol is high? (Please circle one) 
Yes No Don't know/Not sure 
42. Have you EVER been told by a doctor, nurse or other health professional that 
you have high blood pressure? (Please circle one) 
Yes 
Yes, but female told only during pregnancy 
No 
Told borderline high or pre-hypertensive 
Don't know/not sure 
43. Additional comments you might have are welcome below 
END OF SURVEY 
14 
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Thank you very much for completing the survey' This page will further explain the 
purpose of the survey research you have just participated in 
Please do not discuss or share the information on this page w.th any of your fnends who 
might complete the survey or speak with someone else who might This is to avoid 
invalidating the results of the study The answers you provided will be used to look at 
transportation patterns, community issues, including health, and environmental issues in 
a few locations in New Hampshire 
We would like to remind you that all of the data you just provided will be kept in a 
confidential manner 
If you have any questions about your rights as a participant in this process, you may 
contact Julie Simpson at the University of New Hampshire's Office of Sponsored 
Research at 603-862-2003 
If you have any questions about the study or comments that you may have forgotten to 
share with me today, please feel free to contact Shannon Rogers at shrogers@unh edu 
or Kevin Gardner at 603-862-4334 
As a thank you for your participation, we are entering willing participants into a raffle to 
win one of several $100 pre-paid credit cards If you are interested in the raffle, please 
enter your contact information below Remember this information will be confidential 











Social Capital & The Built Environment Pilot Study 
1. Introduction 
Researchers at the Environmental Research Group at the University of New 
Hampshire are beginning to explore the relationships and interdependencies among 
transportation, the built environment, and social capital. We are defining social capital 
as, "the collective value of all "social networks" [who people know] and the inclinations 
that arise from these networks to do things for each other ["norms of reciprocity"]" 
(Saguaro Seminar). Our research proposes a multi-method approach to understanding the 
creation of social capital in development as well as the functioning of decision processes 
that lead to development outcomes in communities. In order to begin this process, we are 
proposing a pilot study of two different communities in Durham, NH to determine the 
existing social capital and the relationship between that capital and the built environment. 
Much of social capital research has focused on civic engagement in communities 
and individual actions that provide evidence of strong social ties and networks for mutual 
benefit. The proposed research would add a unique dimension to existing social capital 
literature by adding survey questions that addressed individuals' perceptions of the 
physical and built environment in their communities and how these structures and the 
space they create affect individuals' personal ties and connections with others in the 
community. 
2. Specific aims 
The objectives of this research are to: 
I. Identify two neighborhoods in Durham that differ in terms of housing density, 
transportation options, proximity to community assets, and other features of 
the built environment. 
II. Randomly select approximately 30 households in each neighborhood to 
participate in a telephone interview 
III. Conduct interviews 
IV. Analyze data from interviews and use it as a basis to propose further research 
on social capital in Northern New England. 
3. Research protocol: 
Setting: the telephone interviews will be conducted in two neighborhoods in Durham, 
NH. Individuals will be selected randomly within the defined neighborhoods (one 
neighborhood will contain homes that are built close together and in close proximity to 
the downtown area of the town and the other neighborhood will contain homes that are 
more sprawling and located further from the center of the town). The UNH Survey 
Center will assist researchers in conducting the process of obtaining telephone numbers. 
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Investigator Experience: For all persons participating in this study, including the 
investigator and individuals working for that investigator, indicate the number of years of 
experience with the proposed paradigm. 
Dr. Kevin Gardner is the principal investigator of the study and has worked with social 
science surveys in the past but has not explicitly conducted a telephone survey before. 
Dr. Cliff Brown worked with a telephone survey instrument in graduate school. Shannon 
Rogers has a master's degree in Resource Administration and Management and has 
completed two written survey research processes during the course of her education. 
Protocols: Thirty individuals from each of two neighborhoods (a total of 60 individuals) 
in Durham, NH will be identified through the UNH Survey Center and will telephoned 
and asked to participate in an anonymous survey that will take 10-15 minutes to 
complete. Similar survey instruments have been used to conduct telephone surveys on 
social capital throughout the country (Saguaro Seminar). This precedent provides a 
strong foundation to add to in the case of our survey instrument. See attached survey 
instrument. 
Procedures for obtaining consent: Only individuals over 18 years of age will be asked 
to participate in the survey and consent will be obtained at the beginning of the telephone 
conversation. Because the survey will be conducted via telephone, individuals can easily 
refuse to participate by ending the telephone call. See the first paragraph of the attached 
survey instrument for the consent information. 
4. Data: 
Data will be analyzed or studied (using quantitative or qualitative methodologies) and 
will be aggregated for each of the two neighborhoods. Responses will remain 
anonymous. Responses to the survey will be compared with other statistical information 
obtained from secondary sources regarding characteristics of the neighborhoods. By 
comparing information on the levels of social capital and other environmentally related 
characteristics of the residents of the two neighborhoods to the physical form of the 
neighborhoods themselves, we will be able to begin to determine if there is a relationship 
between social capital and the built environment. The results from this pilot study will be 
used to assist in the design of a larger study of Northern New England. Data will be 
stored at the Environmental Research Group and only the researchers involved with the 
project will have access to the data. 
5. Risks 
Risks associated with this research protocol are minimal. The anonymous nature of the 
data helps ensure the low risk nature of this project. 
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6. Benefits 
There are no specific benefits to individuals, however the research can have potential 
positive consequences for society as a whole. Our understanding of social capital and the 
built environment is limited and advances made in this area of inquiry can help to make 
the planning and design of communities more sustainable and efficient: socially, 
environmentally, and economically. 
Putnam, Robert (2000). Bowling Alone: The Collapse and Revival of American 
Community. New York: Simon & Schuster. 
Saguaro Seminar: Civic Engagement and Social Capital in America. 
http://www.ksg.harvard.edu/saguaro/. 
Saguaro Seminar. Social Capital Community Benchmark Survey short form. September 
2002. http://www.ksg.harvard.edu/saguaro/. 
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University of New Hampshire 
Research Conduct and Compliance Services, Office of Sponsored Research 
Service Building, 51 College Road, Durham, NH 03824-3585 
Fax: 603-862-3564 
26-Jan-2009 
Gardner, Kevin H 
Environmental Research Group 
Gregg Hall Rm 336 
Durham, NH 03824 
IRB #s 4155 
Study: Evaluating Social Capital & the Built Environment Pilot Study 
Approval Expiration Date: 23-Jan-2010 
Modification Approval Date: 23-Jan-2009 
Modification: Addition of focus groups 
The Institutional Review Board for the Protection of Human Subjects in Research (IRB) has 
reviewed and approved your modification to this study, as indicated above. Further changes in 
your study must be submitted to the IRB for review and approval prior to implementation. 
Approval for this protocol expires on the date indicated above. At the end of the approval 
period you will be asked to submit a report with regard to the Involvement of human subjects in 
this study. If your study is still active, you may request an extension of IRB approval. 
Researchers who conduct studies involving human subjects have responsibilities as outlined in the 
document, Responsibilities of Directors of Research Studies Involving Human Subjects. This 
document is available at http://www.unh.edu/osr/compliance/irb.html or from me. 
If you have questions or concerns about your study or this approval, please fee! free to contact me 
at 603-862-2003 or Julie.simpson@unh.edu. Please refer to the IRB # above in all correspondence 
related to this study. The IRB wishes you success with your research. 
For the IRB, 
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cc: File 
Rogers, Shannon 
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